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Preface
This thesis consists of two papers submitted separately as journal publications. The 
first paper, “Basinwide trends in solutes in a large contaminated river system: Clark Fork 
River, Montana, USA” comprises Chapter 1. The second paper, '‘Seasonal variability of 
solute and particulate contaminants in a large contaminated river system: Clark Fork 
River, Montana, USA” comprises Chapter 2. Because of this organization, repetition of 
information is inevitable. Cited references for each chapter are listed at the end of the 
respective chapter. All data collected during this study are listed in Appendices 1 and 2. 
Appendix 1 contains data and quality control summaries for laboratory analyses and 
Appendix 2 includes field and total suspended sediment data.
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Chapter 1 
Basinwide trends in filterable constituents in a large, 
contaminated river system: Clark Fork River, Montana, USA.
Abstract
A basinwide sampling of the surface water of the Upper Clark Fork Basin, Montana 
was conducted during the summer of 1998. This assessment of the Clark Fork was to 
determine the transport processes of dissolved-phase metals in an effort to quantify the 
impacts to the river. Tributaries of the primary drainages to the basin having varied 
mining histories were included in the sampling event. The headwaters region 
(immediately above and below Warm Springs Ponds) produced elevated concentrations 
of As, Cu, Fe, and Mn in surface waters with relatively high pH values (8.5 to 9.3). Most 
trace element concentrations decrease through the pond system, with the exception of As, 
which more than doubles in concentration. On a basinwide scale, the concentration 
trends for trace elements can be explained by differences in reactivity and dilution by 
tributaries. Major cations appear to have downstream sources associated with tributaries 
or groundwater. Calculated background concentrations indicate that all cations analyzed 
have excess loads at some point in the study area with the exceptions of Fe and Mn.
These excess loads in the system identify segments of the basin where remediation efforts 
and resources could be focused. However, an understanding of basin-scale controls on 
the filterable phase is necessary for such efforts to succeed.
1. Introduction
Mining wastes and effluent from abandoned and active mines contaminate a large 
number of rivers around the world. Once introduced, mining wastes can travel great 
distances downstream affecting water quality and ecosystem health many tens of 
kilometers from the contaminant source [Marcus, 1987; Hornberger et a l,  1997; Drake, 
1997; Smith et al., 1998, Nagorski et al., 2000]. In the United States alone there are 
nearly 22,000 km of rivers contaminated by mining wastes [Mineral Policy Center,
1997]. Much of these mining-related impacts are associated with particulate wastes, 
however, surface water inputs draining mines and their adjacent waste piles also supply 
metals to river systems. Ultimately, mining contamination of rivers is complex with 
contributing sources from a wide range of waste types [Moore and Luoma, 1990] 
Contaminants can readily move within and between source types which accentuates 
mobilization throughout the basin.
Filterable contamination has frequently been demonstrated to originate from point 
sources within historically mined areas [Webster et. a i ,  1994; Edwards et. a l ,  2000].
1
Recent research has shown that inputs such as groundwater and seeps from contaminated 
floodplains are important filterable sources [Kimball et a l ,  1999; Hamilton and Buhl, 
2000], but this work still focuses on the headwaters reaches of impacted rivers Equally 
as important is characterizing filterable concentrations and loads as they move 
downstream from a major headwater source. Additional sources to the filterable phase 
can exist at various points downstream and can include natural inputs [Nimick et a l,
1998] as well as redistributed mining waste. For example, tailings can be deposited long 
distances downstream from the milling operations [Moore and Luoma, 1990] and then 
erosion and leaching of contaminated floodplain soils can continually add particulate and 
filterable contaminants to the river over many decades or centuries [Bradley, 1984]. Only 
by evaluating filterable loads throughout the entire reach of a contaminated basin can 
contaminant sources be evaluated so that the river system can be effectively remediated. 
As an example of this approach, we have examined the distribution of filterable loads in 
the upper Clark Fork River basin, in western Montana (Figure 1).
More than a century has passed since the initiation of large-scale mining operations at 
the headwaters o f the Clark Fork River. Due to the mismanagement of the wastes 
generated during mining activities and periodic flooding, the floodplain of the Clark Fork 
now contains over-bank deposits of mine tailings exceeding two million cubic meters and 
is considered the largest complex of Superfund sites in the country [Moore and Luoma, 
1990]. These deposits contain As, Cd, Cu, Pb, and Zn concentrations, which are 10s to 
100s of times above estimated background concentrations [Andrews, 1987, Axtmann and 
Luoma, 1991] and provide a continual contaminant source to the Clark Fork River bed 
sediment and benthic ecosystem [Nimick and Moore, 1991 ; Cain and Luoma, 1991]. The 
extent of contaminated sediment within the basin has been documented [Brook and 
Moore, 1988; Moore et a l, 1989; Axtmann and Luoma, 1991, Essig and Moore, 1992; 
Boggs, 1994; Drake, 1997] and the main headwater tributary, Silver Bow Creek, has been 
identified as a major source of contaminated sediments to the mainstem and 
Moore, 1992; Hornberger et a l ,  1997]. While Silver Bow Creek has been documented 
as the primary contributor of contaminants to the system, other potential sources of 
surface water contamination may exist throughout the basin. Such sources could include 
inputs from historically mined tributaries (e.g. Little Blackfoot River, Flint Creek, Figure
1) or the Warm Springs Ponds, located near river km 780, that impound limed sediments 
and water from the headwaters region. Alternate sources of filterable metals could be 
geothermal springs in the basin [Nimick et al., 1993; Figure 1], groundwater inputs 
[Smart, 1995; Shay, 1997], surface runoff of water-soluble precipitates from tailings 
deposits [Nimick and Moore, 1991], desorption from streambed sediments [Nagorski and 
Moore, 1999], or seeps [Hamilton and Buhl, 2000] In all, numerous possible sources to 
the filterable phase exist, including those listed above. However, very little work has 
been conducted to locate sources to the dissolved phase of the river on a basin scale.
The primary purpose of this research is to determine the distribution of source 
areas of metal and arsenic to the dissolved phase (the filtered fraction that is <0.2|im) in 
the heavily contaminated Clark Fork River system. This basinwide sampling event 
allows for the quantification of impacts at the basin scale by identifying excess filterable 
loads in the system from tributaries and mainstem reaches. Because the filterable phase 
is generally considered more bioavailable [Morel and Bering, 1993], it is important to 
minimize filterable sources The first step in managing filterable inputs in rivers is by 
identifying sources to reduce treats to biota.
2. Methods
2.1 Sampling Sites within the Study Area
Basinwide sampling was conducted September 4 through 7, 1998, Surface water 
samples were collected and discharge were measured at 11 mainstem and 6 tributary 
sample locations (Figure 1) along a 184-river km reach of the upper Clark Fork River. 
Surface water samples were collected approximately every 10 to 20-river km (as dictated 
by access) along the mainstem of the Clark Fork River, from an area upstream of the 
Warm Springs Ponds to a point above Milltown Reservoir. In addition, surface water 
samples were collected from tributaries with varied mining histories along the Clark Fork 
that contribute a significant portion (greater than an estimated 5%) of the total flow of the 
river near their confluence. These tributaries include Silver Bow Creek, Warm Springs 
Creek, Gold Creek, the Little Blackfoot River, Flint Creek, and Rock Creek Of these 
tributaries, only Rock Creek has a drainage basin relatively free of mining activity. 
Mainstem samples were collected at an adequate distance downstream from tributaries to
allow for complete mixing to occur. No rainfall occurred within the upper basin during 
the sampling period
2.2 Field Methods
Four depth-integrated samples were collected across a river transect partitioned to be 
equally weighted for discharge. Clean-sampling techniques were utilized at each site 
[Horowitz et a l, 1994; Nagorski et a l, 2000]. Ten depth-integrated samples were 
collected at two sites (CF-1 and CF-7, Figure 1) to statistically determine if in-site 
variability exceeded between-site variability. Surface water temperature and pH were 
measured in-situ. Discharge was determined by USGS gauging stations at 11 of the 17 
sampling sites. At the remaining sites, discharge was measured following USGS protocol 
[Rantz et a l ,  1982] using a Price AA current meter (Rickly Hydrological Co.) and an 
AquaCalc 5000 calculator (IBS Instruments). Streamflow measurement error for all sites 
was conservatively rounded to 10% with the exception of sites CF-7 and CF-11, which 
were assigned errors of 15% based upon observed measurement error and USGS 
estimation of error (Mel White, personal communication, 1998), respectively. An 
accurate measurement of streamflow at the CF-7 site was not made due to the presence of 
multiple channels; therefore, a discharge value was back calculated for the site based 
upon the loads o f the major conservative elements (Ca and S) at the upstream and 
downstream sites.
2.3 Laboratory Methods
Ultra-clean techniques were also used during sample filtration and preservation 
[Horowitz et a l ,  1994; Nagorski et a l ,  2000]. Upon returning to the lab, sample aliquots 
were exhaustively filtered with Gelman Serum Acrodisc 0.2-pm Supor membrane filters 
with glass fiber prefilters and acid cleaned syringes. Filtrate intended for cation analysis 
was preserved to a pH <2 using Fisher trace-metal grade hydrochloric acid. Filtrate for 
total inorganic carbon (TIC) analysis remained unacidified.
Filtered cation concentrations were determined using a TJA-ERIS inductively coupled 
argon plasma emission spectrometer (ICAPES) with ultra-sonic nebulization following 
HP A Method 200.15 [Martin et al., 1994]. Total inorganic carbon was analyzed using a 
Shimadzu TOC 5000-A Carbon Analyzer following manufacturer’s instructions.
2.4 Quality Assurance/Quality Control
A quality control program consisted of field and trip blanks, instrument duplicates, 
spikes, laboratory blanks, and external standards (USGS T-143 and T-145). Most 
analytical duplicates compared within 10%, with the mean percent difference between 
samples being less than 5% for almost all cations above the practical quantifiable limit 
(PQL). Exceptions included A1 (mean difference of 17.9%) and Zn (mean difference of 
7.1%). Mean spike recoveries were within 85-115% with the exception of Ag ( 128.2%) 
During ICAPES analysis, the mean value of external standard USGS T-143 (n = 40) fell 
within the acceptable range for all cations. Calcium was the only element with a mean 
value that surpassed the accepted range of USGS T-145 (n = 5). All cations were below 
PQLs for laboratory blanks with the exception of Ca (3 of 4 were BPQL). Field and trip 
blanks exceeded PQLs for Ca, Mg, Na, S, Si, and Zn. However, with the exception of 
Zn, these measured concentrations in the blanks were negligible when compared to the 
concentrations of the samples. Zinc contamination may result from the materials used 
during sample collection, preservation, or storage. Similar Zn contamination was found 
by Mickey [1998] while using similar methods.
For TIC analysis, the mean measured values of standards were within 2% of their 
known value with the exception of the 10 mg/L standard, which was within 7.3% of its 
known value. The mean analytical duplicate percent difference was 0.9% and all trip 
blanks were below the method detection limit.
3. Results and Discussion
3.1 Streamflow
With the exceptions of the area below the treatment ponds and the segment along the 
reach bounded by the suspect streamflow measurement at CF-7, streamflow is constant 
(within error of measurement) or gaining along the study reach (Table 1 and Figure 2). 
Additional water in the system (gain) was quantified (Figure 3) as the difference between 
the minimum downstream dishcarge (based upon measurement error) and the maximum 
upstream discharge. Where tributaries exist between upstream and downstream sites, a 
water balance was calculated for a predicted streamflow value (Table 1). Error for the 
predicted streamflow was determined by using a method from Taylor [1982];
Predicted Streamflow Error = ^62 (Ü
where
AQj streamflow measurement error on upstream mainstem site.
AQ2 streamflow measurement error on tributary site.
For the mainstem site downstream of the tributary, excess water was defined as the 
difference between the minimum predicted streamflow and maximum measured 
streamflow. Based upon current meter velocity measurements, the average travel time 
through the study area was approximately 4 days. The sampling was conducted in 4 days 
from upstream to downstream, approximately capturing a water mass moving through the 
basin.
3.2 General Trends in Filterable Concentrations
Filterable Cd, Cr, Co, Ni, and Pb were below the PQL at all of the sites sampled, with 
the exception of Cd in Silver Bow Creek, (0.9 pg/L). The upstream and downstream 
within-site variability for Zn prohibits discussion of a downstream concentration trend, 
however, the Silver Bow Creek concentration is almost an order of magnitude greater 
than that downstream in the Clark Fork River. As previously mentioned, this variability 
is suspected to be Zn contamination from sampling materials. Discussion of filterable 
concentrations of As, Ca, Cu, Fe, K, Mg, Mn, Mo, Na, S, Si, and TIC follows.
3.2.1 Arsenic
The highest arsenic concentrations (well above the recently enacted and then recalled 
EPA MCL of 10 pg/L) occur immediately downstream from Warm Springs Ponds 
(Figure 4). Arsenic concentration in Silver Bow Creek immediately above the ponds is 
about 15 pg/L, but increases to 35 pg/L just below the ponds. The doubling below the 
ponds is likely the result of release of As from pond sediment. The pH of the mainstem 
and tributaries, upstream and downstream of the ponds, are all near neutral to basic and 
remain relatively constant (approximately 8 .2 to 9 .3) with the exception of CF-4 (6 .9). 
Bed sediment concentrations in the ponds are as high as 1,800 ppm As [MDHES and
CH2MHHI 1989]. The increased pH within the ponds (maximum >10) [MDHES and 
CH2MHill, 1989] from liming treatment may release As directly to the surface water 
from bed sediment [Ferguson and Gavis, 1972; Goldberg, 1986; Fuller and Davis, 1989] 
Alternatively, As-contaminated groundwater beneath the ponds [MDHES and CH2M  
Hill, 1989; ESA Consultants, 1991] may supply As-rich water to the Clark Fork River just 
down-gradient from the ponds where groundwater likely discharges to the river Seeps 
elevated in As (0.130 mg/L) have also been documented from the ponds [MDHES and 
CH2M Hill, 1989]. These mechanisms likely short-circuit the treatment function of the 
ponds, so instead of immobilizing As, they release it
The Warm Springs Ponds act as the major source of As to the mainstem of the Clark 
Fork River. In general. As concentration decreases “exponentially” downstream from the 
Warm Springs Ponds. The three upper basin tributaries (Warm Springs Creek, Little 
Blackfoot River, and Gold Creek) have As much lower (6-8 |ig/L) than the mainstem 
values. Flint Creek, however, has As concentrations equivalent to the mainstem at its 
confluence (about 13 pig/L). Flint Creek’s elevated As concentration stems from the 
history of relatively heavy mining in the Flint Creek drainage basin [Ingman and Bahls, 
1979]. The farthest-downstream tributary (Rock Creek) has the lowest value of As (about 
2 pg/L). Mainstem As concentrations remain above the proposed EPA MCL (10 pg/L) 
until the confluence with Rock Creek, 170 km downstream from the Warm Springs 
Ponds.
3.2.2 Calcium and Sulfur (TIC, Mg)
Concentrations also increase below the ponds for Ca and Mg, but much less 
pronounced than seen for As (e.g., Ca, Figure 4; TIC and Mg not shown). The increases 
likely result from dissolution of lime added to the ponds. In contrast to As, the 
downstream trends for these elements remain relatively constant or increase slightly. 
Mainstem Ca concentrations generally range from 50 to 60 mg/L, until downstream of 
km 625 (Figure 4), where it decreases to 40 mg/L, This decrease is likely due to dilution 
from the low values (10 mg/L) in Rock Creek. A lesser dilution effect is seen by the 
addition of water from the Little Blackfoot River (30 mg/L), which causes a decrease 
below the confluence until the input of higher concentration water from Gold Creek 
(Figure 4). Flint Creek’s Ca concentrations exceed those of the mainstem and appear to
slightly influence the downstream trend of these elements. Peaks in the downstream 
concentration trends occur along a gaining reach (Figure 3) at about km 650, an area 
along the mainstem where the geology changes to dominantly Paleozoic limestone and 
where geothermal inputs exist [Nimick et a l ,  1993]. Mainstem concentration trends are 
similar for Ca and Mg, indicating similar sources throughout the basin. In the upper 
basin, a probable source is lime from the Warm Springs Ponds while in the middle reach 
of the study area, limestones likely contribute Ca and Mg to the water column.
Concentrations of TIC (not shown) are similar above and below the ponds (25 mg/L) 
and steadily increase downstream to just upstream of the Little Blackfoot River. 
Following a slight decrease at CF-6 (38 to 33 mg/L), TIC increases dramatically to 80 
mg/L at CF-7 and 114 mg/L in Flint Creek. A mainstem concentration of about 80 mg/L 
is sustained until downstream of the confluence of Rock Creek where it falls to 30 mg/L. 
Again, this is attributed to dilution by Rock Creek (17 mg/L). The mainstem trend for 
TIC in the middle reach of the study area resembles that of Ca, further supporting the 
conclusion that groundwater from Paleozoic limestones rich in dissolved Ca and TIC 
contribute to the river.
Like Ca, S is slightly elevated below the ponds (Figure 4). The mainstem S 
concentration steadily decreases from 40 to 20 mg/L until CF-9, where the increase in S 
(20 to 30 mg/L) is much greater than the increases seen in Ca and Mg at this site. With 
the exception of Silver Bow Creek above the ponds, tributary S concentrations are all 
lower than those of the mainstem. With these low tributary concentrations, it is likely 
that the increased S at CF-9 is also attributed to the gaining reach in the area of 
hydrothermal inputs and Mesozoic marine sedimentary rocks [Nimick et al., 1993]. The 
mainstem S concentration then decreases between CF-10 and CF-11 (30 to 15 mg/L), 
which is attributed to dilution from Rock Creek (1 mg/L).
3.2,3 Copper
Copper concentrations are highly elevated in Silver Bow Creek (51 pg/L) compared 
to mainstem values (about 2 to 5 pg/L). Mainstem concentrations show a convex trend 
downstream, increasing from below the ponds to just upstream o f the Little Blackfoot 
River, where it then decreases to the end of the study reach (Figure 4). Concentrations in 
all the downstream tributaries are <1 pg/L, except for Warm Springs Creek, which had 2
|ig/L. Assuming that the filterable Cu collected during this study is representative of the 
dissolved phase, this suggests that there is a source of filterable Cu from the ponds to 
about km 725 where concentrations then decrease downstream. However, both field and 
laboratory studies have demonstrated Cu to be strongly associated with the particulate 
phase in the pH range seen in this system [Gibbs, 1977; Grossi et a i, 1994; Ricou- 
Hoeffer et al., 2001]. If the concentration trend for Cu represents more of a total Cu 
concentration, this downstream escalation in the upper basin coincides with a portion of 
the floodplain that is heavily contaminated [Smith et a l, 1998] Contributions to the 
suspended phase from erosion of the stream banks and continual reworking and transport 
of particulate matter could explain the continual downstream source.
3.2.4 Iron and Manganese (Mo)
Filterable Fe, Mn, and Mo have maximum mainstem concentrations immediately 
below the ponds and progressively decrease with distance downstream (Fe and Mn,
Figure 4; Mo not shown). The Silver Bow Creek Fe concentration is much greater than 
that of CF-1 (73 vs. 21 |ig/L). Downstream tributary Fe concentrations are greater than 
those of the mainstem, with Flint Creek being the most elevated at about 18 pg/L 
Filterable Mn in the tributaries above and below the ponds (Silver Bow Creek and Warm 
Springs Creek) greatly exceed those of CF-1 (388 and 130, respectively vs. 50 pg/L). 
Downstream tributary Mn values are comparable to the mainstem (2 to 15 pg/L), with the 
exception of Flint Creek (64 pg/L). Mainstem Mn concentrations decreased immediately 
after tributary contributions from Flint Creek and Warm Springs Creek The slight 
increase in mainstem Mn at CF-4 (approximately 11 to 16 pg/L) may be due to 
groundwater inputs along this gaining reach or reduction of Mn oxides due to redox shifts 
which were not quantified in this study.
Like Fe and Mn, the Silver Bow Creek Mo concentration (5 pg/L) is greater than that 
of CF-1 (4 pg/L). Downstream tributary concentrations are lower than those of the 
mainstem, with the exception of Gold Creek (5 pg/L). The mainstem Mo concentration 
gradually decreases from 4 to 3 pg/1 until an abrupt decline to 2 pg/L at CF-11, due to 
dilution from Rock Creek, which had no detectable Mo.
3.2.5 Potassium, Sodium (Si)
Although the mainstem concentration trends of K, Na, and Si fluctuate with distance 
downstream, their concentration trends are relatively similar. Concentrations of these 
constituents in Silver Bow Creek are greater than those of the mainstem (K and Na Figure 
4; Si not shown). Downstream tributary concentrations of K are similar to or less than 
the mainstem, with the exception of Flint Creek (5 mg/L), which appears to influence the 
mainstem concentration at CF-8 (3 mg/L), The mainstem concentration of K increases 
from CF-2 to CF-5 and drops at CF-6. In the lower portion of the study area, the K 
mainstem concentration increases again until CF-10. The K concentration further 
decreases at CF-11 to 2 mg/L following the confluence of Rock Creek.
Unlike K, all downstream tributary Na concentrations are lower than those of the 
mainstem. A decrease occurs at CF-2 (14 to 11 mg/L) and may result from dilution by 
Warm Springs Creek (3 mg/L). A slight increase in mainstem Na occurs at CF-4 (12 to 
15 mg/L), a possible response to groundwater input along that reach [Nimick et a i, 1993]. 
The Na mainstem concentration decreases at CF-6 and remains constant until CF-11, 
where Na decreases to 8 mg/L due to dilution by Rock Creek (3 mg/L). Mainstem Si 
fluctuates between 8 and 10 mg/L and most closely resembles the concentration trend of 
Na. Downstream tributaries similar to or greater than the mainstem include Little 
Blackfoot River, Gold Creek, and Flint Creek. Increases in Si concentration are seen in 
the mainstem at CF-4 (again perhaps due to groundwater inputs) and CF-8, below the 
confluence of Flint Creek (16 mg/L). At the end of the study reach, Rock Creek (5 mg/L) 
dilutes the Si concentration at CF-11 to 6 mg/L.
3.3 Basinwide Spatial Trends
To identify sources of filterable elements within the basin, modeled loads were 
determined for each mainstem site. For mainstem sites immediately downstream of a 
tributary, the modeled loads were determined from mass-balance calculations. The first 
step of this determination was to calculate the measured Alterable loads (discharge X 
concentration, QC) at each of the sampling sites (for elements above the PQL). The error 
in measurement o f the measured load was determined by techniques described by Taylor, 
[1982]:
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Load Error = AgC = + C^àQ^  (2)
where
Q discharge.
AQ discharge error.
C concentration of filterable constituent.
AC concentration error (1 standard deviation from mean of site replicates).
An element’s mass balance was then determined by adding the measured tributary 
load to the measured mainstem load upstream from the site. This sum represents the 
theoretical dissolved load at the sampling site, immediately downstream of the tributary if 
the constituent is conserved [Kimball et a l ,  1999]:
Theoretical Downstream Load = ~ Qi Q  + & Q  P )  
where
QjCj  measured upstream load.•
Q2C2 measured tributary load.
The error associated with equation 3 is then [Taylor, 1982]:
Theoretical Downstream Load Error = ^ ( A Q ^ Ÿ~+ Ÿ  (4)
For mainstem sites that were not immediately downstream of a tributary, the modeled 
load and error were simply the measured load and associated error at the mainstem site 
immediately upstream.
The measured load was then compared to the modeled load to determine the excess 
load for each mainstem site. Negative values indicate loss of a constituent and positive 
values a gain over what is expected from dilution from the upstream source by the 
tributary or from conservation of mass with transport downstream. If the measured
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mainstem load for an element was within the error of the calculated mass balance 
(equation 4), no excess load occurred at the mainstem site. For sites not downstream of a 
tributary, if the measured load and its associated error was within the measured load and 
associated error o f the mainstem site immediately upstream, no excess load occurred at 
the mainstem site. Plots of excess loads against distance downstream (Figure 5), indicate 
the locations o f sources identified along the mainstem for each element modeled. These 
results are discussed below.
3.3.1 Arsenic
Arsenic mainstem concentrations are elevated beyond their modeled concentrations in 
the upper reach of the study area at CF-1 (excess of 1.8 kg/day) and from CF-4 (1.3 
kg/day) to CF-5 (1.7 kg/day, Figure 5). In the lower portion of the study area, an excess 
load of As occurred at CF-9 (2.7 kg/day). The measured load is within the error of the 
modeled load for the remaining mainstem sites with the exception of CF-1. These excess 
loads indicate that sources to the dissolved phase of the mainstem exist beyond what is 
contributed by tributaries within the study area. At CF-1, it is apparent that this source to 
the mainstem is the Warm Springs Ponds. Results from the water balance conducted for 
the study area (Figure 3) indicate that gaining reaches of the mainstem occur where these 
excess loads have been identified. In the upper reach (CF-4 and CF-5), shallow 
groundwater inputs of As-rich water from the floodplain are very likely [Brooks, 1988; 
Smith et a l,  1998]. Another possible source of As-rich water in this portion of the study 
area may be the existence of seeps along the stream from highly contaminated floodplain 
soils [Hamilton and Buhl, 2000]. The gain in water and As load at CF-9 corresponds to 
geothermal inputs in the area {Nimick et a l, 1993).
3.3.2 Calcium and Sulfur (K, Li, Mo, Mg, Na, Sr)
With the exception of the excess load seen below the ponds, Ca and S (Figure 5), as 
well as K, Li, Mo, Mg, Na, and Sr (not shown) have an excess load trend similar to that 
of As. Excess loads were identified at CF-4, CF-5, and CF-9, all mainstem sites 
corresponding to gaining reaches of stream.
3.3.3 Copper
The modeled load of Cu greatly exceeds the measured load immediately below Warm 
Springs Ponds, indicating that the ponds are effective in the removal of Cu from the
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filterable phase of the water column. Measured concentrations exceed modeled 
concentrations for copper at mainstem sites CF-4 (0.7 kg/day) and CF-5 (0.5 kg/day) only 
(Figure 5). In addition to this portion of the study area being a gaining reach of stream, it 
has a significant amount of tailings deposits along the floodplain. Smith et al. [1998] 
quantified Cu inputs to the study reach and determined that floodplain runoff and 
groundwater combined to account for about 24 percent to the total Cu input along the 
study area. Upstream particulate inputs were about 5 percent, tributaries and streambed 
exchange were 8 percent, and 47 percent of the total Cu was from point bar deposits.
This large amount of particulate matter provides a possible source to the filterable phase 
if desorption of Cu is possible in the system at the range of pH values measured (6.9 at 
CF-4 to 9.3 at CF-2). While Brick and Moore [1996] did not see a surface water pH 
below 8 in their diel study of the Clark Fork, groundwater inputs may have a sufficiently 
low pH to allow for desorption from hyporheic sediments [Davis et al., 1991; Shi et a l ,
1998]. However, Nimick et al. [1993] did not see groundwater pH values below 6.9 in 
their study of this reach. Given that transport of Cu in this system is considered to be 
heavily dependent upon particulates [Smith et al., 1998], oxidation of organic matter may 
be releasing any associated Cu to the filterable phase [Zhang et al., 1995].
3.3.4 Iron
The measured load of Fe is less than the modeled load immediately below the ponds, 
demonstrating the effectiveness of the ponds in the removal of Fe from the filterable 
phase. The measured loads of filterable Fe at the remaining mainstem sites sampled fit 
the modeled loads with the exception of CF-4. At CF-4, a measured excess load of 
approximately 1 kg/day corresponding to a gaining reach of stream.
3.3.5 Manganese
Similar to Cu, a large amount of filterable Mn (approximately 20 kg/day) is removed 
by the Warm Springs Ponds. The measured filterable load continues to be less than the 
modeled load downstream to CF-4, where an excess load of about 2 kg/day occurs. 
Downstream from CF-4, measured loads are equal to or less than modeled loads with the 
exception of CF-7, which has an excess load of about 3 kg/day. Where deficit loads 
exist, this is indicative of removal from the system. The pH of the system indicates that 
Mn would be in the form of Mn-oxides, therefore a downstream loss of filterable Mn is
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not surprising. Harvey and Fuller [1998] demonstrated that microbially mediated 
oxidation of Mn in the hyporheic zone effectively removed Mn from the water column.
The excess load at CF-4 may be explained by the input of Mn-rich water to the system. 
However, the excess load at CF-7 does not correspond to a gaining reach of stream. A 
possible explanation for this excess load could be a change in redox conditions that 
weren’t assessed during this study.
3.3.6 Basin Controls on Filterable Behavior
From the discussion of individual elements above, '‘regional” controls can be seen to 
influence filterable behavior and transport in the basin. While the Warm Springs Ponds 
are able to fix such elements as Cd, Cu, Fe, Mn, and Zn, As is released to the mainstem 
through probable desorption from pond sediments or groundwater. The upper basin, 
defined for these purposes as the area from CF-1 to CF-7, has a heavily contaminated 
floodplain that provides a continual source to the river. Excess loads at CF-4 and CF-5 
are most likely due to trace element-rich water contributions along the gaining stretch of 
the mainstem. The middle basin (CF-8 to CF-10) has documented hydrothermal seeps 
along the mainstem that are possible influences on the major element chemistry of the 
filterable phase. The lower basin, the reach below CF-10, is primarily influenced by the 
confluence of Rock Creek. Dilution by the relatively clean water of Rock Creek is a 
process that affects the concentrations of most elements monitored in this study.
4. Conclusion
During the low flow conditions of the study period, a complex mosaic of gain and 
loss was seen for different filterable elements. Concentrations and loads were not 
controlled by any one process (e.g. dilution). Different constituents were gained or lost in 
different reaches o f the river. The Warm Springs Ponds in the headwaters region appear 
to be a source of As to the mainstem. The maximum headwater concentration of As 
generally dilutes with distance downstream. A similar pattern is exhibited by Fe, which 
appears to originate from a primary upstream source. Excess load calculations indicate 
that gaining reaches of stream are receiving enriched water. Possible influences include 
concentrated groundwater inputs of some sort, from the hyporheic zone, the floodplain, or 
seeps along the bank of the mainstem. Excess loads of Cu are limited to the upper basin.
14
an area of floodplain heavily contaminated with tailings. Excess loads in the middle 
portion of the study area (CF-9) coincide with geothermal areas in the basin.
Varying behavior of metals and arsenic during transport indicate that complex 
interactions are occurring on the basin scale. Stream reach sources can be fueled by 
precipitation/dissolution or sorption/desorption reactions, tributary inputs or dilution, or 
groundwater inputs. Contributions to the filterable-phase of the mainstem may be 
associated with the various wastes from upstream historical mining or may simply be a 
result of the geology of the study area Given the variety of possible sources of filterable 
contaminants in a basin, it is essential to understand the large-scale hydrologie, 
geochemical, and geologic controls that may exists if these contaminants are to be 
remediated or managed effectively. Locally focused efforts implemented without such 
consideration may prove to be futile.
15
References
Andrews, E D , Longitudinal dispersion of trace metals in the Clark Fork River, Montana, in The 
Chemical Quality o f  Water and the Hydrologie Cycle, Averett, R.C. and D M McKnight, eds. 
pp. 1-13, Lewis, Chelsea, Mich., 1987.
Axtmann, E V and S .N. Luoma, Large-scale distribution of metal contamination in the fine­
grained sediments of the Clark Fork River, Montana, U.S.A. Appl. Geochem., 6, 75-88, 1991,
Boggs, S.J., Temporal and spatial variability of metal concentrations in fine-grained bed
sediments and benthic insect larvae of the Clark Fork River, Montana, M.S. thesis, 115 pp., 
Univ. of Mont., Missoula, 1994.
Bradley, S B , Flood effects on the transport of heavy metals, Intern. J. Environ. Studies, 22, 225- 
230,1984.
Brick, C M. and J.N. Moore, Diel variations of trace metals m the Upper Clark Fork River, 
Montana, Environ. Sci. Technol., 30, 1953-1960, 1996.
Brook, E.J. and J.N. Moore, Particle-size and chemical control of As, Cd, Cu, Fe, Mn, Ni, Pb and 
Zn in bed sediment from the Clark Fork River, Montana, U.S.A., Sci. Tot. Environ., 76, 247- 
266, 1988.
Brooks, R , Distribution and concentration of metals in sediments and water of the Clark Fork 
River floodplain, Montana, M.S. thesis, 1Ô5 pp., Univ. of Mont., Missoula, 1988.
Cain, D.J. and S .N. Luoma, Benthic insects as indicators of large-scale trace metal contamination 
in the Clark Fork River, Montana in U.S. Geol. Surv. WRIR 91-4034, pp.525-529, 1991.
Davis, A , R.L. Olsen, and D R Walker, Distribution of metals between water and entrained 
sediment in streams impacted by acid mine discharge. Clear Creek, Colorado, U.S.A., Appl. 
Geochem., 6, 333-348, 1991.
Drake, G.J., Long term variability of trace metal concentrations and carbon-metal relationships in 
fine-grained sediment of the upper Clark Fork River, Montana, M.S. thesis, 131 pp., Univ. of 
Mont., Missoula, 1997.
Edwards, K.J., P.L. Bond, G.K. Druschel, M M McGuire, R.J. Hamers, and I F. Banfield, 
Geochemical and biological aspects of sulfide mineral dissolution, lessons from Iron 
Mountain, Ca, Chem. Geol, 169, 383-397, 2000.
Essig, D A and J.N. Moore, Clark Fork Damage Assessment: River bed sediment sampling and 
chemical analysis report: Natural Resource Damage Program, State of Montana, 110 pp .,
1992.
ESA Consultants, Evaluation of alternatives for Pond 1 and below. Silver Bow Creek/Butte Area 
NPL Site, Warm Springs Ponds Operable Unit, Warm Springs, Montana, prepared for ARCO, 
64 pp., ESA Consultants, Ft. Collins, CO September, 1991.
16
Ferguson, J F and J. Gavis, A review of the arsenic cycle in natural waters, JVater Res.. 6, 1259- 
1274, 1972.
Fuller, C.C. and J.A. Davis, Influence of coupling of sorption and photosynthetic processes on 
trace element cycles in natural waters. Nature, 340, 52-54, 1989.
Gibbs, R.J., Transport phases of transition metals in the Amazon and Yukon Rivers. Geol. Sac. 
Am. Bull., 88, 829-843, 1977.
Goldberg, S ., Chemical modeling of arsenate adsorption on aluminum and iron oxide mmerals. 
Soil Sci. Sac. Am. J., 50, 1154-1157, 1986.
Grossi, P R , D.L. Sparks, C.C. Ainsworth, Rapid kinetics of Cu(II) adsorption/desorption on 
goethite, Environ. Sci. Technol., 28, 1422-1429, 1994.
Hamilton, S.J. and K.J. Buhl, Trace elements in seep waters along Whitewood Creek, South 
Dakota, and their toxicity to fathead miimows. Bull Environ. Contam. Toxicol., 65, 740-747, 
2000 .
Harvey, J.W. and C.C. Fuller, Effect of enhanced manganese oxidation in the hyporheic zone on 
basin-scale geochemical mass balance, Wat. Resour. Res., 34, 623-636, 1998.
Hornberger, M I., J.H, Lambing, S.N. Luoma, and E.V. Axtmann, Spatial and temporal trends of 
trace metals in surface water, bed sediment, and biota of the upper Clark Fork basin, Montana, 
1985-1995, U.S. Geol. Surv. OFR 97-669, 84 pp., 1997.
Horowitz, A.J., C R. Demas, K.K. Fitzgerald, T.L. Miller, and D A Rickert, U.S. Geological 
Survey protocol for the collection and processing of surface-water samples for the subsequent 
determination of inorganic constituents in filtered water, U.S. Geol. Surv. OFR 94-539, 57 pp , 
1994.
Ingman, G.L and L.L. Bahls, An assessment of mining impacts on quality of surface waters in 
the Flint Creek Range, Montana, prepared for the Montana Dept, of Health and Environmental 
Sciences, Helena, pp. 82, 1979.
Kimball, B A , DA Nimick, L.J. Gemer, and R.L. Runkel, Quantification of metal loading in 
Fisher Creek by tracer injection and synoptic sampling. Park County, Montana, August 1997, 
U.S. Geol. Surv. WRIR 99-4119, 40 pp., 1999.
Marcus, W A , Copper dispersion in ephemeral stream sediments. Earth Surf. Process.
Landforms, 12,217-228, 1987.
Martin, T D , C.A. Brockhoff, I T Creed, Determination of metals and trace metals m water by 
Ultrasonic Nebulization Inductively Coupled Plasma-Atomic Emission Spectrometry (200.15), 
47 pp.. Environmental Monitoring Systems Laboratory, ORD, U S E.P.A., 1994.
MDHES and CH2M Hill, Draft Silver Bow Creek Investigation Feasibility Study for the Warm 
Springs Ponds Operable Unit, prepared by MDHES and CH2M Hill, Vol. 1, October, 1989.
Mickey, J.W., The effects of discharge variation on dissolved element concentrations through 
Milltown Reservoir, Montana, M.S. thesis, 158 pp., Univ. of Mont., Missoula, 1998.
17
Mineral Policy Center, Golden Dreams. Poisoned Streams, Mineral Policy Center. Washington,
D C , 1997
Moore, J.N., E.J. Brook, and C Johns, Grain size partitioning of metals in contaminated, coarse­
grained river floodplain sediment. Clark Fork River, Montana, U.S.A., Environ. Geol. Water 
Set, 12, 107-115, 1989.
Moore, J.N. and S.N. Luoma, Hazardous wastes from large-scale metal extraction: A case study. 
Environ. Sci. Technol, 24, 1279-1285, 1990.
Morel, F.M.M. and J.G. Bering, Principles and Applications o f Aquatic Chemistry, John Wiley 
and Sons, Inc., New York, 1993,
Nagorski, S.A. and J.N. Moore, Arsenic mobilization in the hyporheic zone of a contammated 
stream. Water Resour. Res., 35, 3441-3450, 1999.
Nagorski, S.A., T E McKiimon, J.N. Moore, and D.B. Smith, Geochemical characterization of 
surface water and streambed sediment of the Blackfoot River, Montana durmg low flow 
conditions, August 16-20, 1998, U.S. Geol. Surv. OPR 00-0003, 59 pp., 2000.
Nimick, D A and J.N. Moore, Prediction of water-soluble metal concentrations in fluvially 
deposited tailings sediments. Upper Clark Fork Valley, Montana, U.S.A, Appl. Geochem., 6, 
635-646, 1991.
Nimick, D A., T. Brooks, K.A. Dodge, and U.K. Tuck, Hydrology and water chemistry of shallow 
aquifers along the Upper Clark Fork, Western Montana, U.S. Geol. Surv. WRIR 93-4052, 63 
pp., 1993.
Nimick, D A , J.N. Moore, M. Savka, and C. Dalby, The fate of geothermal arsemc m the 
Madison and Missouri Rivers, Montana and Wyoming, Water Resour. Res., 34, 3051-3067, 
1998.
Rantz, S E. and others. Measurement and computation of streamflow: Volume 1. Measurement 
of stage and discharge. U.S. Geol. Surv. Water-Supply Paper 2175, 138 pp., 1982.
Ricou-Hoeffer, P., I. Lecuyer, P., and P. Le Cloirec, Experimental design methodology applied to 
adsorption of metallic ions onto fly ash. Water Res , 35, 965-976, 2001.
Shay, D T , An investigation of the hydrogeology and geochemistry of a floodplam aquifer 
system impacted by mine tailings, Silver Bow Creek, Montana, M.S. thesis, 146 pp. Univ. of 
Mont., Missoula, 1997.
Shi, B , H E Allen, and M.T. Grassi, Changes in dissolved and particulate copper following 
mixing of POTW effluents with Delaware River water. Water Res., 32, 2413-2421, 1998.
Smart, E.W., Surface water and groundwater interaction in a shallow unconfined alluvial aquifer 
and small mountain stream. Silver Bow Creek, Montana, M.S. thesis, 170 pp., Univ. of Mont., 
Missoula, 1995.
18
Smith, D , J.H. Lambing, D A Nimick, C. Parrett, M. Ramey, and W Schafer. Geomorpholog>. 
flood-plain tailings, and metal transport in the Upper Clark Fork Valley, Montana, U S Geol 
Surv. WRIR 98-4170, 56 pp., 1998.
Taylor, J.R., An Introduction to Error Analysis: The Study o f Uncertainties in Physical 
Measurements, University Science Books, 270 pp., 1982.
Webster, J.G., D.K. Nordstrom, and K.S. Smith, Transport and natural attenuation of Cu. Zn. As. 
and Fe in the acid mine drainage of Leviathan and Bryant Creeks, in Environmental 
Geochemistry o f Sulfide Oxidation, Alpers, C.N. and D.W Blowes, eds., Chapter 17, pp 244- 
260, American Chemical Society, Washington, D C , 1994.
Zhang, H , W Davison, S. Miller, and W. Tych, In situ high resolution measurements of fluxes of 
Ni, Cu, Fe, and Mn and concentrations of Zn and Cd in porewaters by DGT, Geochim. 
Cosmochim. Acta, 59, 4181-4192, 1995.
19
Tables
Table 1. Measured streamflow and water balance results
Site River km
Measured
streamflow
(m^/s)
Predicted
streamflow
(m^/s)
Mainstem gain (G), 
loss (L), or 
no difference (N)
Excess
streamflow
(m^/s)
CF-1 779.4 0.9 + /-0.1
WS 777.8 0.8 + /-0.1
CF-2 776.7 1.4 +/-0.1 1 .7+/-0 .1 L -0.03
CF-3 767.8 1.7 + /-0 .2 N 0.00
CF-4 743.0 3.0 +/- 0.3 G 0.83
CF-5 726.3 4.0 +/- 0.4 G 0.27
LBF 717.1 1.1 +/-0.1
GC 701.2 0.1 +/-0.01
CF-6 698.6 5.7 + /-0 .6 5.2 +/- 0.4 N 0.00
CF-7 690.6 4.0 +/- 0.6 L ‘ -2.84
FC 671,9 0 .8 + /-0 .1
CF-8 670.6 6.6 +/- 0.7 6.5 +/- 0.6^ N 0.00
CF-9 649.9 8.4 + /-0 .8 G 0.31
CF-10 625.1 10.3 +/- 1.0 G 0.02
RC 614.3 7.1 + /-0 .7
CF-11 595.5 18.9 +/. 2.8 17.4 +/- 1.3 N 0.00
‘This assessment is based upon a suspect measurement as discussed in Section 2.2. 
^Predicted streamflow and error based upon water balance with CF-6 and Flint Creek.
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Figure 1. Sampling Site Locations
w
to
Legend
Sampling site O
River or creek
Watershed boundary
Site Site Name River Km
SB Silver Bow Creek at Opportunity 791.0
CF-1 Silver Bow Creek at Warm Springs 779.4
WS Warm Springs Creek 777.8
CF-2 Clark Fork below Ponds 776.7
CF-3 Clark Fork at Racetrack 767.8
CF-4 Clark Fork at Deer Lodge 743.0
CF-5 Clark Fork at Beck Hill 726.3
LBF Little Blackfoot River 717.1
GC Gold Creek 701.2
CF-6 Clark Fork at Gold Creek 698.6
CF-7 Clark Fork at Jens 690.6
FC Flint Creek 671.9
CF-8 Clark Fork at Drummond 670.6
CF-9 Clark Fork at Bearmouth 649.9
CF-10 Clark Fork at Beavertail Hill 625.1
RC Rock Creek 614.3
CF-11 Clark Fork at Turah Bridge 595.5
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CF-10
F-8 
aimmond 
F-6 Uttle Blackfoot River
Creek
Creek
Creek
Warm Springs PondsWarm Spnngs
Silver Bow Creek
10 20 Kilometers
25
20
15
I
G
IM
10
0
□  M easured M ainstem  
•  M easured T  ributaries 
A C alculated M ainstem
800 7 5 0  700  650  600 550
River km
Figure 2. Streamflow vs. distance downstream. Squares and circles represent the measured streamflow values of the 
mainstem and tributaries, respectively. Measurement error is 10% with the exception of CF-11 (km 595), which has a 
measurement error of 15% due to streambed scouring (per. comm., M. White, USGS-WRD). Triangles represent the 
predicted mainstem discharge values based upon a water balance of the measured upstream mainstem and tributary 
streamflows. The triangle at km 690 represents a streamflow value for CF-7 calculated from upstream and downstream 
conservative element loads (see text). Streamflow is within the measurement error or gaining along the entire study 
area (Figure 2) with the exception of CF-2 and the reach bounded by the suspect streamflow measurement at CF-7.
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Figure 3. Excess streamflow vs. distance downstream. Excess water is the difference between the minimum 
downstream discharge (based upon measurement error as discussed in Figure 2) and the maximum upstream discharge 
A water balance determined predicted streamflow for the mainstem site downstream of a tributary. Excess streamflow 
for this mainstem site was the difference between the minimum predicted streamflow and maximum measured 
streamflow. Tributary locations are marked with solid diamonds for geographic reference and do not represent excess 
streamflow.
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Figure 4. Filterable concentrations vs. distance downstream
Open boxes represent mean mainstem concentrations from site replicates. Solid circles 
represent mean tributary concentrations from site replicates. Error bars are +/- 1 standard 
deviation from the mean and generally fall within the symbol for the mean. Tributaiy locations 
are marked along the top of the plot and are abbreviated as SB (Silver Bow Creek), WS (Warm 
Springs Creek), LBF (Little Blackfoot River), GC (Gold Creek), FC (Flint Creek), and RC (Rock 
Creek). Elevated Silver Bow Creek concentrations of Cu, Fe, and Mn skew the scale of the 
plot and, therefore, are not to scale; concentrations are in parentheses next to the symbol.
For sample designation, see Figures 1 and 3.
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Figure 4 (cont). Filterable concentrations vs. distance downstream
Open boxes represent mean mainstem concentrations from site replicates. Solid circles 
represent mean tributary concentrations from site replicates Error bars are +/- 1 standard 
deviation from the mean and generally fall within the symbol for the mean Tributary locations 
are marked along the top of the plot and are abbreviated as SB (Silver Bow Creek), WS (Warm 
Springs Creek), LBF (Little Blackfoot River), GC (Gold Creek), FC (Flint Creek), and RC (Rock 
Creek). Elevated Silver Bow Creek concentrations of Cu, Fe, and Mn skew the scale of the 
plot and, therefore, are not to scale; concentrations are in parentheses next to the symbol.
For sample designation, see Figures 1 and 3.
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Figure 5. Measured, modeled, and excess filterable loads vs. distance downstream
Open squares represent measured mainstem filterable load. Closed circles represent the modeled load determined 
by mass balance at mainstem sites immediately downstream of tributaries or by comparison to the measured 
upstream load for sites not immediately downstream of a tributary. Error bars are the compounded error between 
the product of concentration and streamflow. Triangles represent the difference between the mean measured load 
and mean modeled load. For sample designation, see Figures 1 and 3.
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Figure 5 (cont). M easured, modeled, and excess filterable loads vs. distance downstream
Open squares represent measured mainstem filterable load. Closed circles represent the modeled load determine# 
by mass balance at mainstem sites immediately downstream of tributanes or by comparison to the measured 
upstream load for sites not immediately downstream of a tributary. Error bars are the compounded error betw een 
the product of concentration and streamflow. Triangles represent the difference between the mean measured loac 
and mean modeled load. For sample designation, see Figures 1 and 3.
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Chapter 2
Seasonal variability of solute and particulate contaminants in a large 
contaminated river system: Clark Fork River, Montana, USA 
Abstract
Four mainstem sites, one mined tributary, and one relatively pristine tributary of the 
Clark Fork River were sampled from January to September of 1999. Samples were 
collected monthly with supplemental samples capturing changes in the hydrograph 
Samples were analyzed for total recoverable and dissolved-phase {<0.2 p.m) 
concentrations. Major element concentrations (Ca, Mg, Na, S) tend to decrease with 
discharge and dissolved-phase majors dominate total concentrations. Trace elements (As, 
Cu, Fe, Mn, Zn) show variable concentrations with seasonal streamflow changes. Excess 
filterable loads indicate a constant source of Cu to the system throughout the temporal 
variations. Total trace concentrations generally increase with total suspended sediment. 
While total trace concentrations correlate to suspended sediment, suspended sediment 
doesn’t always correlate positively to streamflow, therefore simple monitoring parameters 
may not provide a complete picture of the system’s geochemistry.
1. Introduction
Geochemical monitoring of surface water systems is a long-standing practice [Gooch 
and Whitfield^ 1888] that is integral to public and environmental health. However, recent 
investigations into the adequacy of national sampling programs [Windom et a l,  1991; 
Taylor and Shi Her, 1995] have instituted a change in sampling techniques and a 
réévaluation of the accuracy of historical data. Another aspect of historic sampling 
designs that may prove to be misleading is the reliance upon easily monitored stream 
parameters, such as streamflow, as indicators of geochemical changes in the system.
In drawing conclusions about the occurrence of metal phases within a system, the 
importance of a comprehensive sampling plan has been demonstrated. It has been seen 
that metals partition seasonally within the Clark Fork River [Brick, 1996] and that long­
term sampling plans (versus one-time, “snapshot”-type sampling events) are necessary to 
provide a complete picture of the geochemistry of one system [Drake, 1997]. It was 
therefore hypothesized that sources of solute metal and metalloid concentrations vary 
within the basin and with seasonal changes in discharge.
The primary purpose of this research is to identify variations in the dissolved and total 
recoverable metal phase (the concentration of analyte in a digested, unfiltered water
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sample) of the system as streamflow changes seasonally. A basinwide sampling event 
allowed for the identification of suitable sites for a more detailed temporal study of the 
basin’s surface water during 1999. Once source segments (stretches of the river between 
mainstem sampling sites) were identified in the basinwide and temporal sampling events, 
the involvement of probable geochemical processes was hypothesized. Seasonal 
variations in temperature and biological productivity will produce varying conditions that 
should result in distinct seasonal geochemical processes [Bricky 1996]. This question is 
examined at both the site-specific and basinwide scale. In addition, the total recoverable 
metal (total) phase was analyzed for the 1999 sampling period with the purpose to 
identify any partitioning between the two phases throughout the various hydrological 
stages of the river. Although standard for aquatic health are based upon total 
concentrations in the system [MTDEQ, 1998], the filterable phase alone is an issue of 
bioavailability [Morel and Bering, 1993]. Due to the variety of habitable environments 
within aquatic ecosystems, it is important to understand the partitioning of metals within 
the system in order to understand their availability to the biota [Brezonik et al., 1990; 
McIntosh, 1990; Moore et al., 1991; Brick, 1996].
Another objective o f the project is to determine if dissolved and total recoverable 
loading vary seasonally. The identification of any spatial or temporal variations in 
sources of solute concentrations prove valuable for further studies of metal concentrations 
in sediment and benthos. Sorption/desorption reactions between trace metals and ferric 
and manganese oxides or organic colloids are known to control dissolved trace metal 
concentrations in surface waters [Johnson, 1986, Smith et al., 1992]. Therefore, coupling 
of dissolved-phase and total recoverable metal and/or sediment data allow for seasonal 
estimations of dominant phases of metals within the system and possibly assist the 
development of stream management plans.
2. Methods
2.1 Sampling Sites within the Study Area
From a basinwide sampling event conducted September 1998 (Chapter 1), six sites 
were selected for monthly sampling from January to September 1999. These sites include 
a tributary impacted by mining activities (Flint Creek -  FC in Figure 1), a relatively
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pristine tributary (Rock Creek -  RC), and four main stem sites (CF-4, CF-6, CF-9, CF- 
11) spanning 148-river km from Deer Lodge, MT to Turah Bridge near Clinton, MT (see 
Figure 1). More frequent sampling was conducted prior to, during, and following the 
spring runoff event in the basin. These sites were selected due to their proximity to USGS 
gaging stations, their accessibility, and their distribution within the lower basin
2.2 Field Methods
At each site, four depth-integrated samples were collected across a river transect 
partitioned to be equally weighted to the flow volume. Clean-sampling techniques were 
utilized at each site [Nagorski et a l,  2000]. Surface water temperature, pH, conductivity, 
and dissolved oxygen were measured in-situ consistent with the location of sample 
replicates. Streamflow was measured by USGS gaging stations. Streamflow 
measurement error for all sites was conservatively rounded to 10% based upon USGS 
estimation of error [Mel White, personal communication, 1998]. Recognizing the 
interference of diel effects on a geochemical sampling program [Fuller andDavis^ 1989; 
Brick and Moore^ 1996], attempts were made to consistently sample sites at the same 
time of day for each event Sites were sampled at approximately the same time of day for 
the entire sampling period for CF-4, CF-6, and FC Due to the difficulty o f sampling in 
winter conditions, CF-9, RC, and CF-11 were sampled on separate days from the 
upstream sites January 21 through March 9, 1999. In addition, RC and CF-11 were 
sampled on separate days from upstream sites on April 26 and May 18 Given this 
schedule, CF-9, RC, and CF-11 were only sampled at the same time of day for the March 
21 and May 25 through September 1 sampling events.
2.3 Laboratory Methods
Ultra-clean techniques were also used during sample filtration and preservation 
[Nagorski et al., 2000]. Upon returning to the lab, sample aliquots were exhaustively 
filtered with Gelman Serum Acrodisc 0.2-|im Supor membrane filters with glass fiber 
prefilters and acid cleaned syringes. Filtrate intended for cation analysis was preserved to 
a pH <2 using Fisher trace-metal grade hydrochloric acid (HCl) Filtrate for anion and 
total inorganic carbon analysis remained unacidified. The remainder of the sample was 
preserved with 8N trace-metal grade nitric acid to a pH <2 for the determination of total
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recoverable metals. Once preserved, the samples were digested on an Environmental 
Express Hot Block following EPA method 200.2 [Martin et ai., 1991].
Dissolved and total recoverable cation concentrations were determined using a TJA- 
IRIS inductively coupled argon plasma emission spectrometer (ICAPES) with ultra-sonic 
nebulization following EPA Method 200.15 [Martin et a i,  1994], Using a Varian AA- 
875 Atomic Absorption Spectrometer and a Varian VGA-76 Hydride Generator, arsenic 
concentrations for the 1999 temporal samples were determined by hydride generation 
atomic adsorption spectroscopy (HGAAS) according to Standard Method 3 03 A 
[Franson, 1985]. Sample reduction for this procedure was based upon a modification 
[Mickey, written communication, 1997] of the procedure developed by Voth-Beach and 
Shrader [1986]. This involved the addition of potassium iodide (2% by volume) and HCl 
(IM) to the samples and standards to reduce all As(V) in the sample to As(III). Hydride 
generation with a 0.35% NaBH^ and 0.5% NaOH solution and 6N HCl was then used to 
determine the total As(III) concentration of the sample.
Total inorganic carbon was analyzed using a Shimadzu TOC 5000-A Carbon 
Analyzer following manufacturer’s instructions. Samples collected to quantify the 
amount of suspended sediment in the water column were filtered through 0.45-p.m filters 
in a vacuum filter apparatus. The filters were dried at 70° C and the final weight of the 
filter was subtracted from the initial weight. This amount of sediment captured from the 
volume of water filtered represented the concentration (in mg/L) of sediment in the water 
column at the time of sample collection.
2.4 Quality Assurance/Quality Control
A quality control program consisting of field and trip blanks, instrument duplicates, 
spikes, laboratory blanks, and external standards (USGS T-143 and T-145) was 
implemented. For the dissolved-phase samples on ICAPES, mean analytical duplicate 
percent differences were less than 10%, with most being less than 5% for cations above 
the PQL. Mean spike recoveries were within 90-110% with the exception of Li 
(122.9%). Two external standards were used to evaluate instrument accuracy during 
analysis (USGS T-143, n = 105; and USGS T-145, n = 16). The mean measured values 
for all cations fell within the acceptable reported range for USGS T-145 while Ba and Si 
were the only cations to fall out of range for USGS T-143. All cations were below
31
detection limits for laboratory blanks with the exception of S ( 1 blank of 44). Field and 
trip blanks exceeded detection limits for Ca, Na, S, and Zn. These measured 
concentrations in the blanks are negligible when compared to the concentrations of the 
samples with the exception of Zn. Zinc contamination is suspected to have originated 
from the materials used during sample collection, preservation, or storage. Similar Zn 
contamination was found by Mickey [1998] while using comparable methods
For total recoverable metals samples on ICAPES, mean analytical duplicate percent 
differences were less than 10% with the exception of Co (10.2%). Mean spike recoveries 
were within 85-115% with the exceptions of Ag ( 16.4%), and Na (122.1 %). Mean values 
for USGS T-143 (n = 99) and USGS T-145 (n = 13) were within acceptable reported 
ranges except for Si. All cations were below detection limits for laboratory blanks with 
the exception of S (1 blank of 89). Field and trip blanks exceeded detection limits for Al, 
Cr, Fe, Na, Ni, S, Si, and Zn. When compared to sample concentrations, blank 
concentrations were minor (1 to 2 orders of magnitude lower) for Al, Fe, Na, S, and Si. 
Blank concentrations of Cr, Ni, and Zn were at or near sample concentrations. Digest 
duplicates (n = 40) had ICAPES-determined percent differences less than 10% for most 
elements with the exceptions of Ag, Al, Be, Cr, Fe, Ni, and Zn. Most notable of these 
was Cr, with a mean percent difference in digest duplicates of 66.6%.
During HGAAS analysis, mean measured values of As were within range for both 
USGS T-143 and USGS T-145. Analytical duplicates had a mean percent difference of 
5.2% and the mean spike recovery was 99.4%. All field and trip blanks, both dissolved 
and total recoverable, were below the method detection limit and 49 of the 52 laboratory 
blanks were below the method detection limit (concentrations of 0.04, 0.04, and 0.06 
pg/L were recorded).
For total inorganic carbon analysis, the mean measured values of standards were 
within 1% of their known value and the mean analytical duplicate percent difference was 
0.6%. All trip, field, and laboratory blanks were below the method detection limit.
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3. Results and Discussion
3.1 Streamflow
Two to three minor peaks in the hydrographs at each site occur prior to May 18, 1999, 
representing low elevation snowmelt and subsequent runoff (see Figure 2). Samples were 
generally collected between these minor peaks but rising limbs were periodically 
captured The main runoff event for all sites is captured between the May 18 and July 15, 
1999 sampling events. Streamflow during the September 1, 1999 event was lower than 
that of the initial January 19, 1999 sampling.
The stream reach between CF-4 and CF-6 was gaining during the entire study period 
Accounting for the contribution from FC, the reach between CF-6 and CF-9 was at steady 
state during early runoff and along the rising limb of the main runoff peak. This was a 
gaining reach during the other sampling events. From CF-9 to CF-11, which includes the 
confluence o f RC, the reach was gaining during 7 of the 13 sampling events, including 
low elevation runoff, and at steady state for the remaining events.
3.2 Total Suspended Sediment
Total suspended sediments were measured for the March 21 through September 1,
1999 sampling events however, suspended sediment samples for RC were not obtained 
for March 21 or June 2, 1999. Total suspended sediment (TSS) concentrations generally 
mirror each site's hydrograph (see Figure 3) Peaks in TSS concentration coincide with 
streamflow peaks at CF-4, CF-9, and RC. The TSS concentration peaks along the 
hydrograph's rising limb at CF-6, FC, and CF-11. Significant positive correlations 
between TSS and streamflow exist during the sampling period only at sites CF-4, CF-6, 
and RC (Table 1).
3.3 pH
Due to equipment problems, pH measurements were not obtained for the April 25 
sampling event at all sites and the June 10 sampling event at CF-9, RC, and CF-11. 
Mainstem pH ranged from 7.74 (CF-6, January 19) to 8.69 (CF-11, July 15 and 
September 1). The pH range in the tributaries during the study period was 7.60 (RC, 
March 10) to 9.12 (FC, May 17). A decrease in pH of 0.3 (CF-4) to 1.2 (FC) was seen 
between May 25 and June 2 corresponding to the initiation of the main rising limb of 
each site’s hydrograph.
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3.4 Total Recoverable Metal Phase
Concentration vs. TSS 
Total Al was significantly correlated to TSS (Table 1) at all sites sampled and Si at 
CF-6, CF-9, CF-11, and RC. Total Fe and Mn were significantly correlated to TSS at all 
sites. Total As, Cu, and Zn were significantly correlated to TSS at all sites except RC 
The remaining elements analyzed showed no significant correlation to TSS at any of the 
sites sampled. It is of interest to note that while total As and Cu show correlations to 
TSS, TSS has no positive correlation to streamflow at FC, CF-9, or CF-11.
Concentration Time
Ca, K, Li, Mg, Na, S, Sr:
At all sites, total Ca, Li, Mg, Na, S, Sr, and occasionally K decrease with time with a 
major dip in the concentration trend beginning around May 17,1999 (see Figure 4). 
Concentrations recover for the July and September samplings and occasionally surpass 
the initial concentrations of January. This pattern was not discernable for Li at RC due to 
concentrations being below the PQL during the main runoff event of June
Concentrations of total Ca, Li, Mg, Na, S, and Sr remain relatively stable through the 
early stages of runoff and plummet toward their minimums as the main runoff event 
begins around May 17 (Figure 4). Their significant negative correlation to streamflow, 
lack of correlation to TSS, and comparison to filterable concentrations indicate that these 
majors reside primarily in the dissolved-phase of the system and demonstrate dilution as 
streamflow increases with runoff. Total K shows this same pattern only at CF-4. 
Downstream from CF-4 and in both tributaries, an early peak is seen in total K on March 
21. Seeing as total K had no correlation to TSS anywhere in the system, this may be 
attributed to solute flushing from the snowpack as low-level snow melt began 
[Stottlemyer and Toczydlowski, 1990].
As, Cu, Fe, Mn, Zn:
For all mainstem sites and FC, total As, Cu, Fe, Mn, Zn concentrations peak March 
21, 1999 (Figure 4) and between May 25 and June 2, 1999 (Figure 5), An additional peak 
in concentration for these total elements was seen at FC on April 25, 1999. Rock Creek 
total Fe and Mn trends were similar to those of FC. Total Cu in RC was below the PQL 
for 12 of the 13 sampling events. Total Zn within-site variability at RC exceeded the
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variability of any temporal trend, therefore no pattern of behavior could be distinguished 
At CF-6, CF-9, and CF-11, the March 21 total concentrations of Cu, Fe, Mn, and Zn were 
greater than or equal to those from May 25 to June 2. Total Cu, Fe, Mn, and Zn at CF-4, 
FC, and RC on March 21 were less than those between May 25 and June 2, 1999.
The trace elements in the system (total As, Cu, Fe, Mn, and Zn) correlating 
significantly to TSS illustrate the importance of the suspended phase as a vehicle for 
contaminants through the system. Two peaks in the concentration trends of these 
elements are seen. The first occurring March 21 during the early stages of runoff (Figure 
4) and the second around May 25 or June 2, the peak of spring runoff (Figure 5), The 
magnitude of these concentration spikes corresponds directly to the amount of sediment 
in the system. Total suspended sediment had maximum concentrations at CF-6 and CF-9 
during the March 21 sampling event As sediment is mobilized at these sites, so too are 
the total trace elements, having their maximum concentrations at these sites on this date. 
Maximum TSS concentrations at CF-4, FC, RC, and CF-11 occur during the main runoff 
event. Again, the association to the suspended phase is demonstrated as total trace 
concentrations reach their maximum at these sites during the height of spring runoff 
This has considerable consequences for total Cu and Zn as relates to acute and chronic 
aquatic life standards that are based upon total recoverable concentrations. At all 
mainstem sites, both chronic and acute standards are exceeded during the March 21 and 
main runoff sampling events (Figures 6 and 7).
Concentration v& Stream flow
To examine possible patterns of hysteresis, element concentrations were plotted 
against discharge rates measured during the study period. Hysteresis, the response 
difference between concentration and discharge, can be seen in short-term storm events 
[Johnson and East, 1982; Evans and Davies, 1998] as well as longer-term seasonal 
samplings [Droppo and Jaskot, 1995; Bhangu and Whitfield, 1997]. If a peak in 
discharge and concentration occurred simultaneously, the plots described above would be 
represented by a sloping line. Such a concurrent relationship is generally not the case and 
differences in the timing of the concentration and discharge peaks generate looped 
patterns [Evans and Davies, 1998].
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Ca, K, Li, Mg, Na, S, Sr:
At all of the sites sampled, total Ca, Mg, Na, S, and Sr had significant negative 
correlations with streamflow. The same held for Li with the exception of CF-4 and RC. 
Total trace element concentrations have no correleations to streamflow when TSS is not 
correlated to streamflow. Total Ca, K, Li, Mg, Na, S, and Sr have clockwise negative 
hysteresis loops at all mainstem sites (Figure 8) and RC (Figure 9) Clockwise patterns 
indicate a decrease in concentration on the hydrograph’s rising limb and an increase along 
the falling limb. Hysteresis loops for these elements at FC are rather convoluted so no 
true or consistent pattern could be distinguished. The direction and shape of hysteresis 
loop patterns have been analyzed to determine sources or components of the flow regime. 
Methods described by Bhangu and Whitfield [1997] and Evans and Davies [1998] were 
used to interpret the behavior of both the total recoverable and filterable phases of the 
system. The relatively simple negative-sloping, clockwise loop patterns of total Ca, K,
Li, Mg, Na, S, and Sr (Figure 8) denote the occurrence of the concentration peak prior to 
the discharge peak and suggesting a dilution effect on these conservative major ions This 
fiirther supports the interpretations above from the negative relationships to streamflow. 
Bhangu and Whitfield [1997] observed this clockwise pattern for major ions and 
attributed it to a smaller groundwater contribution following the main runoff peak.
As, Cu, Fe, Mn, Zn:
Total As, Cu, Fe, Mn, and Zn exhibit clockwise positive hysteresis loops at all 
mainstem sites (Figure 8) and FC (Figure 9). Spikes in the loops are seen to correspond 
to the early streamflow peaks of March 21 and, for FC only, April 25, 1999. Total As,
Fe, and Mn have clockwise patterns at RC (Figure 9). Total Cu at RC is below the PQL 
for 12 of the 13 sampling events and within-site variability of Zn dismisses any 
development of a hysteresis pattern. The positive-sloping clockwise patterns of the total 
trace elements (As, Cu, Fe, Mn, and Zn) in the system show that these concentrations 
increase with streamflow during runoff. These loops nearly close, indicating that 
comparable concentrations exist during similar flow conditions. As all of these elements 
correlate to TSS, similar concentrations at similar flow further illustrate the tie to the 
suspended phase and its control on trace element concentrations in the system.
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3.5 Filterable Phase
Concentration v5'. TSS 
Filterable majors (Ca, K, Mg, Na, and S) have no correlation to TSS at any site 
sampled (Table 1). Filterable Cu correlates positively to TSS at CF-4 Filterable Fe has 
significant positive correlations at CF-6, FC, CF-9, RC, and CF-11, indicating the 
presence of colloidal Fe and that the truly dissolved phase may not have been captured for 
this study.
Concentration vj. Time
Ca, K, Li, Mg, Na, S, Sr:
At all sites, filterable Ca, K, Li, Mg, Na, S, and Sr concentrations remain relatively 
stable until decreasing around May 17, 1999. Slight increases in filterable K were seen 
around March 21 at all sites sampled except CF-4 (Figure 10). Only at CF-4 do filterable 
Ca, K, Li, Mg, Na, S, and Sr remain stable during the early stages of runoff. 
Concentrations dip to minimums for the study period during the peak of runoff. At all 
other sampling sites, filterable Ca, Li, Mg, Na, S, and Sr respond to the smaller early 
runoff peaks o f March 21 and April 25 by decreasing to varying degrees. Filterable K 
actually increases at the downstream sites on March 21. Again, this may be indicative of 
flushing from the snowpack during low elevation snowmelt.
As, Cu, Fe, Mn, Zn:
Filterable As has an overall increase in concentration at each site sampled except for 
at CF-11, where it remains relatively constant with time (Figure 11), Maximum 
concentrations occur May 25 for CF-4 and CF-6, July 15 for FC and CF-9, and 
September 1 for RC and CF-11. Filterable Cu and Fe concentrations peaked on March 21 
and between May 17 and June 2 at all sites sampled except for Cu at RC where Cu was 
below the PQL for all dates sampled. These increased concentrations correspond to the 
system-wide decrease in pH that occurred between May 25 and June 2, perhaps providing 
suitable conditions for desorption from bed or suspended sediments [Davis et a i, 1991] 
The maximum Cu concentration at CF-6 actually occurs June 23 near the end of the 
falling limb of streamflow. Filterable Mn has a trend of overall decline with time at CF- 
4, CF-6, and CF-9, with the lowest concentrations occurring around May 25. Flint Creek 
and RC have similar filterable Mn trends with the maximum concentration occurring
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around May 25 and the concentration being higher at the end of the sampling period then 
at the beginning. Filterable Mn at CF-11 increases 3-fold on June 10 over that of January 
19. Similar concentrations exist at the beginning and end of the sampling period. The 
within-site variability of filterable Zn exceeds any temporal trends that may occur at all of 
the sites. Total inorganic carbon consistently has a minimum concentration at all sites on 
May 25.
Concentration vj. Streamflow 
Ba, Ca, K, Li, Mg, Na, S, Sr:
Filterable Ba, Ca, K, Li, Mg, S, and Sr have significant negative correlations to 
streamflow at all sites sampled. Filterable Na exhibits significant negative correlations to 
streamflow at all sites except CF-6. Filterable Ca, K, Li, Mg, Na, S, and Sr have 
clockwise negative hysteresis loops at CF-4 and CF-6. Counterclockwise negative loops 
occur for these elements at CF-9 and generally at RC, although overlaps in the pattern 
demonstrate a more linear shape with a negative slope (Figure 12). This 
counterclockwise behavior illustrates a decrease in concentrations along the falling limb. 
Due to multiple overlaps, no definite pattern could be determined for FC or CF-11.
The clockwise, negative-sloping hysteresis of filterable Ca, K, Li, Mg, Na, S, and Sr 
at CF-4 and CF-6 is similar to that seen in the total phase and supports the idea that the 
filterable phase of these elements dominates the total phase at these sites. At CF-9, these 
patterns are counterclockwise, indicating that concentrations are slightly higher on the 
falling limb than the rising limb. Although developed under storm conditions and relying 
upon several assumptions, Evans and Davies [1998] determined this pattern indicates 
groundwater is a greater contributor to the mainstem than either soil water or surface 
event water (surface event water is direct channel interception and/or saturation overland 
flow.) Patterns for these elements at RC and CF-11 might be interpreted as 
counterclockwise but overlap along portions and closely resemble a simple negative 
linear relationship, demonstrating dilution by increased streamflow 
As, Cu, Fe, Mn
Positive correlations to streamflow were seen for Cu at CF-6, CF-9, and CF-11, for Fe 
at CF-4, CF-9, and CF-11, and for Mn at CF-11. No correlation existed between As and 
streamflow at any o f the sites sampled. Filterable As displayed clockwise hysteresis at
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CF-4, CF-6, and CF-9 and counterclockwise hysteresis at RC and CF-11 (Figure 13) No 
definite pattern could be distinguished for FC. Concentrations at CF-4 climbed from 7 to 
13 pg/L during the constant flow period to May 17. Clockwise positive hysteresis was 
seen for filterable Cu at CF-4 (Figure 13) and CF-11 and counterclockwise at CF-6 and 
CF-9. No pattern could be determined for FC and all samples were below the PQL for all 
sampling dates at RC. Hysteresis patterns for Cu at CF-6, CF-9, and CF-11 also have 
spikes corresponding to the March 21 sampling date (Figure 12). This effect is most 
dramatic at CF-9 where Cu increases from 3 to 7 pg/L At CF-4, the streamflow remains 
relatively constant through May 17 yet the Cu concentration steadily increases from 4 to 
7 pg/L.
Filterable Fe exhibits a clockwise positive hysteresis pattern at all sites sampled with 
the exception of FC where no definite pattern could be distinguished. At all mainstem 
sites except CF-4, the March 21 sampling date marks a point in the loop where Fe sharply 
increases and then returns to concentrations resembling those of March 9 (Figure 12).
This is best seen at CF-6 where filterable Fe increases from 8 to 26 pg/L, Filterable Mn 
demonstrated counterclockwise hysteresis loops at CF-4 (Figure 13), CF-6, and CF-9 and 
a clockwise loop at RC No pattern could be determined for FC or CF-11. At CF-4, 
while the flow remained constant through May 17, the Mn concentration fluctuated from 
30 to 45 pg/L until a drop to 9 pg/L on May 25.
3.6 Mainstem vs. Tributary Behavior -  As and Cu 
Mainstem
At CF-4, filterable As and Cu can be seen to steadily increase with the similar 
sampling streamflow rates prior to May 17, 1999. These increases in concentration 
represent approximately 60% of the entire range of filterable Cu and 50% of the range of 
filterable As at the site during the study period. Along the rising limb of the hydrograph 
both As and Cu concentrations continue to increase. Streamflow at the end of the study 
period was similar to the initial rates, yet filterable As and Cu were sustained at levels 
elevated above the initial concentrations.
Possible explanations for these increased concentrations include repeated flushing of 
As and Cu-enriched waters from the hyporheic zone during the initial fluctuations of the 
hydrograph prior to the main rising limb [Stottlemyer et a i,  1997; Marsh and Pomeroy,
39
1999] or dissolution of secondary minerals in the floodplain [Nimick and Moore^ 1991] 
Desorption of As and Cu from sediments entrained in the stream or on the bed of the 
stream might be a possible source if the pH of groundwater or hyporheic waters in the 
system are sufficiently low [Stumm and Morgan, 1996]. As mentioned above, the 
correlation of Cu to total suspended sediments may indicate association with colloids 
rather than the true dissolved-phase. No single process can be identified as the primary 
source of dissolved-phase concentrations with the data gathered during this study A 
combination o f possible sources is suspected because of the extended period of time 
where concentrations are sustained. However, the possibility exists that a source 
upstream of the study area, such as the Warm Springs Ponds or the Butte area [Benner, 
1994], could be controlling solute responses to discharge.
Downstream at CF-6, neither As nor Cu show the initial trend seen at CF-4. Arsenic 
increased with discharge as witnessed by the measured streamflow June 2, 1999 being 
nearly 5 times the January value, yet the filterable As concentration is approximately 30% 
higher than the January concentration. This elevated concentration is sustained even at 
similar streamflows earlier in the year that were associated with lower concentrations. 
Likewise, filterable Cu is seen to respond positively to discharge, with an almost 100% 
increase in concentration corresponding to a 450% streamflow increase over the initial 
January values.
Further downstream at CF-9 and CF-11, filterable Cu concentrations dramatically 
increase with the initial streamflow pulse. Following the response to low-elevation 
runoff, counterclockwise loops with positive relationships to discharge exist. The highest 
measured concentration for each site (within measurement error for other sampling dates) 
was captured on the rising limb of each site’s hydrograph closest to the discharge peak. 
Such a pattern indicates a continual source at each site and, given that similar patterns 
occur at each mainstem site sampled during the temporal phase, a natural conclusion is 
that a physical process is elevating or sustaining the solute concentrations of As and Cu 
within the basin as discharge increases.
As mentioned throughout this discussion, possible physical processes are 
hypothesized to be the flushing of the hyporheic waters or bank storage within the 
floodplain [Stottlemyer et a l ,  1997], desorption of As and Cu from sediments entrained in
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the stream or on the bed of the stream [Nagorski and Moore, 1999], or dissolution of 
secondary minerals in the floodplain [Nimick and Moore, 1991]. The correlation of Cu to 
TSS at CF-9 indicates that colloids may be influencing the dissolved phase at this site 
Tributaries:
For every sampling date at RC and the 7 of the 13 dates at FC, Cu is below the PQL, 
However, As demonstrates two distinct patterns for the streams with varying histories 
The March 21, 1999 sampling event was the first to capture the occurrence of runoff 
corresponding to snowmelt at lower elevations in the basin. Flint Creek, a basin that has 
been mined heavily relative to that of Rock Creek, has an elevation in As concentration 
that corresponds to this initial discharge pulse. A reasonable interpretation of this 
discharge-related phenomena could be flushing of As-rich water from the stream’s 
hyporheic zone or the groundwater system in general. Mickey [1998] detected similar 
patterns o f elevated dissolved concentrations during the first peak of runoff and attributed 
the results to flushing of stored water within the hyporheic zone or to dissolution of 
secondary minerals with the rising water levels. Following this peak, the concentration 
appears to decrease with increases in discharge. A faint clockwise loop pattern exists but 
most concentrations are within the measurement error of one another. Rock Creek As 
concentrations that are above the practical quantifiable limit exhibit a negative 
relationship to discharge that is interpreted as dilution.
3.7 Excess Load Modeling
The temporal phase of this study was conducted to answer the question of how 
total and filterable loads to the river system react to the streamflow changes of runoff. As 
part of this, mass balance dilution models were created to quantify excess filterable loads 
in the system. Dilution models were only calculated for the mainstem sites CF-9 and CF- 
11 due to the fact that only these two sites had upstream mainstem sites and tributaries. 
Because the stream reaches bounded by CF-9 and CF-11 were gaining or at steady state 
for each of the sampling dates, simple mass balances were conducted for filterable As and 
Cu at CF-9 and CF-11 to determine the expected loads at the sites attributed strictly to 
tributary dilution.
The first step of this determination was to calculate the measured solute loads 
(discharge X concentration, QC) at each of the sampling sites (for elements above the
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PQL). The error in measurement of the measured load was determined by techniques 
described by Taylor, [1982];
Load Error = AQC = +C-AQ" (1)
where
Q discharge.
AQ discharge error.
C concentration of filterable constituent.
AC concentration error (1 standard deviation from mean of analytical
replicates).
An element’s mass balance was then determined by adding the measured tributary 
load to the measured mainstem load upstream from the site. This sum represents the 
theoretical dissolved load at the sampling site, immediately downstream of the tributary if 
the constituent is conserved {Kimball et al.  ̂ 1999]:
Theoretical Downstream Load = = Q\^\ + & Q  (2)
where
QiCi measured upstream load.
Q2C2 measured tributary load.
The error associated with equation 3 is then {Taylor^ 1982].
Theoretical Load Error = = ^(AQ^C^Ÿ (3)
Models for the temporal data set were constructed for filterable As and Cu and are 
included as Table 2. Corresponding percent differences between measured load and 
modeled load have been calculated and excess Cu loads range from 111% to 206% 
(Figure 14). It is of interest to note that the highest difference, 206%, occurs with the
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March 21, 1999 initial increase of runoff. For As, percent differences range from 74% to 
183%, and represent a shortfall of the measured load from the modeled load. At CF-9, 
the modeled load is generally within the measurement error of the measured load At CF- 
11, maximum percent differences are found along the falling limb of the main runoff 
peak. These maximum percent differences associated with peak runoff periods further 
support the idea of swift rising waters flushing hyporheic or floodplain waters into the 
mainstem [Stottlemyer et a i ,  1997; Harrington and Bales, 1998; Marsh and Pomeroy, 
1999].
4. Conclusion
Hysteresis patterns for As and Cu indicate that sources to the dissolved phase of the 
mainstem and tributaries are influenced by seasonal changes in discharge rates. The 
implications of such behavior are that physical processes are sustaining the dissolved- 
phase as discharge rates significantly increase. These processes are hypothesized as 
either flushing of water with elevated concentrations from the hyporheic zone or the 
release of floodplain bank storage. An alternate theory proposed by Mickey [1998] was 
the dissolution o f secondary minerals in the floodplain.
Mass balance models indicate excessive loads of filterable Cu in the upper basin for 
the duration of the sampling period Excess Cu loads exist in the lower part of the study 
area but are not as dramatic as those seen in the upper basin. Measured filterable As 
loads fall short of those predicted throughout the study area for the entire study period.
The temporal geochemistry of sites throughout the basin is influenced by changes in 
streamflow. Rises in the hydrograph correspond to peaks in dissolved concentrations 
implying flushing of As- and Cu-rich waters from the hyporheic zone and floodplain or 
redox changes in the system that weren’t characterized during this study. However, as 
indicated by the lack of significant correlation between streamflow and total suspended 
sediment at sites FC, CF-9, and CF-11, streamflow cannot be used as the sole indicator of 
temporal concentrations of elements associated with the suspended phase of the system. 
This is further supported by the mobilization of sediment and associated trace elements 
and breach of aquatic life criteria during an early sampling date (March 21 ) that occurred
43
during a relatively minor fluctuation on the hydrograph -  an event that might be
overlooked in systematic monitoring schedules.
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Table 1. Summary of Significant Pearson’s Correlations for 1999 Temporal Sampling Events
Correlations are summarized for constituents vs. streamflow (Q) and total suspended sediment concentrations (TSS) at each site sampled. 
Data sets for the entire sampling period are correlated against each other as opposed to singular sampling dates.
Only correlations deemed significant (p<0.05) are summarized.
Filterable Filterable
CF-4
0  TSS Q
CF-6
TSS Q
FC
TSS
TSS r^ 0 .S 4 4 ,p  = 0.002 r  = 0.658, p  =  0.038 TSS
AI AI
As As
Ba r = -0.941, p <0.001 r =-0.927, p <0.001 r = -0 789, p = 0 001 r = -0.649, p = 0.042 Ba
C a r = -0.887, p <0.001 r =-0.926, p <0 001 r = -0 859, p = 0 001 r = -0.649, p = 0 042 Ca
Cu r = 0.791, p = 0 006 r = 0 755, p = 0.019 Cu
Fe r = 0.616, p =  0.025 r = 0.930, p <0.001 r = 0.692, p = 0.027 Fe
K r = -0 .804, p = 0.001 r = -0.668, p = 0 013 r = -0 703, p = 0.007 K
Li r = -0.814, p =  0.001 r = -0 962, p <0 001 r = -0 910, p <0 001 r = -0.679, p = 0.031 Li
M g r = -0.81 l , p  =  0.001 r = -0.905, p <0 001 r = -0 891, p <0.001 r = -0 726, p = 0.017 Mg
Mn Mn
Mo r = -0 879, p <0 001 r = -0.723, p = 0 018 r = -0 809, p = 0.001 Mo
Na r = -0 .837, p <0.001 r =-0.915, p <0 001 r = -0 884, p <0.001 Na
S r = -0 761, p = 0.012 r = -0 824, p = 0 001 r = -0 880, p <0 001 r = -0 656, p = 0.039 S
Si r = -0 .693, p = 0.009 r = -0 818, p = 0 001 Si
Sr r = -0.884, p <0 001 r = -0 932, p <0.001 r = -0 805, p = 0 001 S r
Zn Zn
Total Recoverable Total Recoverable
TSS r = 0.844, p  = 0.002 r = 0.658, p  -  0.038 TSS
AI r = 0.962, p <0 001 r = 0 927 ,p< 0001 r = 0 967, p <0 001 AI
As r = 0 894, p = 0 020 r = 0 761 ,p  = 011 r = 0.929, p <0 001 As
Ba r = 0.700, p = 0 024 Ba
Ca r = -0 854, p = 0.002 r = -0.925, p <0.001 r = -0 874, p = 0 001 r = -0 650, p = 0 042 Ca
Cu r = 0967, p< 0  001 r = 0.950, p <0.001 r = 0.948, p <0 001 Cu
Fe r = 0 956, p <0 001 r = 0.937, p <0 001 r = 0 968, p <0 001 Fe
K r = -0.680, p “  0.031 r = -0 724, p = 0 018 K
LI r = -0 .8 7 l,p  = 0 001 r = -0 715, p = 0 020 Li
Mg f = -0 791, p = 0 006 r = -0  909, p <0 001 r = -0 885, p = 0 001 r = -0  657, p = 0 039 Mg
Mn r = 0 897, p< 0  001 r = 0 941, p <0 001 r = 0 984, p <0 001 Mn
Mo 1 = -0 863, p = 0.001 r = -0.673, p = 0 033 Mo
Na r = -0 862, p = 0.001 r = -0  933, p <0 001 r = -0 885, p = 0 001 Na
S V = -0  703, p = 0 023 r = -0.805, p = 0 005 r = -0 885, p = 0 001 S
Si r = 0.650, p = 0.042 Si
S r r = -0  875, p = 0.001 r = -0  937, p <0 001 r = -0 832, p = 0 003 r = -0 649, p = 0 042 Sr
Zn r = 0 948. p <0 001 r = 0.967, p <0.001 r = 0 984, p <0 001 Zn
Table 1 (cont.). Summary o f Significant Pearson's Correlations for 1999 Temporal Sampling Events
Correlations are summarized for constituents vs. streamflow (Q) and total suspended sediment concentrations (TSS) at each site sampled. 
Data sets for the entire sampling period are correlated against each other as opposed to singular sampling dates.
Only correlations deemed significant (p<0.05) are summarized.
Filterable Filterable
0
CF-9
TSS
RC
Q TSS
CF-11 
0  TSS
TSS r  = 0.76S,p = 0.026 TSS
AI AI
As As
Ba r = -0 831, p <0.001 r = -0.926, p <0 001 r = -0.845, p <0.001 r = -0  662, p = 0.037 Ba
Cm r = -0 9 1 l ,p < 0  00l r = -0.907, p <0 001 r = -0 891, p <0.001 r = -0.645, p = 0.044 Ca
C u r = 0 801, p = 0.001 r = 0 713, p = 0.021 r = 0.738, p = 0.004 Cu
Fe r = 0 797, p = 0 001 r = 0.847, p = 0.002 r = 0 895, p = 0.003 r = 0.836, p <0 001 r = 0 909 ,p  <0.001 Fe
K r = -0.626, p -  0.022 r = -0.801, p = 0 001 r -  -0.806, p = 0.001 K
Li r = -0 916, p <0 001 r = -0.880, p = 0 001 r = -0.926, p <0.001 Li
Mg r = -0  897, p <0 001 r = -0.927, p <0.001 r = -0.927, p <0.001 r = -0 643, p = 0.045 Mg
M n r = 0.876, p = 0 010 Mn
Mo r =-0.875, p <0 001 Mo
Na r = -0 835, p <0.001 r = -0.865, p <0 001 r = -0.845, p <0.001 Na
S r = -0 904, p <0 001 r = -0.901, p <0 001 r = -0.893, p <0.001 S
Si r = -0.623, p = 0.023 r = -0.825, p <0.001 Si
S r r = -0 823, p = 0 001 r = -0.936, p <0 001 r 0 919, p <0 001 r = -0.614, p = 0 046 S r
Zn Zn
Total Recoverable Total Recoverable
TSS r = 0.760, p  = 0.026 TSS
AI r = 0.984, p <0.001 r = 0 996, p<0001 r = 0.971,p <0.001 AI
As r = 0 942, p <0.001 r = 0.972, p <0 001 r = 0.885, p = 0 001 As
Ba r = 0 935, p <0.001 r = 0.750, p = 0.012 Ba
Ca r = -0.851, p = 0.002 r = -0.889, p = 0 001 r = -0 908, p <0 001 Ca
Cu r = 0 992, p <0 001 r = 0 956, p <0 001 Cu
Fe r = 0 991, p <0.001 r = 0 998, p <0 001 r = 0.976, p< 0  001 Fe
K K
Li r = -0 739. p = 0 015 r = -0 718, p = 0 019 Li
Mg r = -0 863, p = 0.001 r = -0  892, p = 0 001 r = -0 906, p <0 001 Mg
M n r = 0 9 8 8 ,p  <0.001 r = 0 998, p< 0  00t r = 0 964, p <0 001 Mn
Mo Mo
Na r = -0 815, p = 0.004 r = -0 883, p = 0 001 r =-0.880, p = 0.001 Na
S r = -0 923, p <0 001 r = -0.850, p = 0 002 r = -0  903, p <0.001 S
Si r = 0 937, p <0 001 r = 0 937, p<0.001 r = 0.922, p <0 001 Si
S r r = -0 820. p -  0.004 r = -0.904, p <0 001 r = -0 899, p <0 001 Sr
Zn r = 0998 , p < 0  001 r = 0 973, p< 0  GDI Zn
00
Table 2. Measured, Mass Balance Modeled, and Percent Difference between Measured 
and Modeled Load for Filterable Copper and Arsenic at CF-9 and CF-11.
Copper Arsenic
Measured Modeled Measured Modeled
Sample Sample Cu Load Cu Load Percent As Load As Load Percent
Site Date (Kg/day) (Kg/day) Difference (Kg/day) (Kg/day) Difference
CF-9
CF-9 1/21/99 3.9 3 1 125% 10.6 12.7 83%
CF-9 2/19/99 3.1 2.5 125% 9.9 10.0 99%
CF-9 3/9/99 3.8 3.0 129% 9.5 11.1 85%
CF-9 3/22/99 17.8 8.6 206% 22.5 24.5 92%
CF-9 4/11/99 4.9 3.6 137% 11.6 15.6 74%
CF-9 4/25/99 7.4 5.7 128% 16.9 19.0 88%
CF-9 5/17/99 7.4 5.9 124% 15.9 20.4 78%
CF-9 5/25/99 16.0 13.5 119% 34.5 38.2 90%
CF-9 6/2/99 35.2 23.8 148% 52.4 57.0 92%
CF-9 6/10/99 34.2 18.9 181% 48.1 56.2 86%
CF-9 6/23/99 25.4 16.0 159% 40.0 47.1 85%
CF-9 7/15/99 5.3 3.4 156% 14.3 16.1 89%
CF-9 9/1/99 3.6 2.4 148% 10.9 11.3 97%
CF-11
CF-11 1/21/99 5.3 4,2 127% 8.1 10.6 131%
CF-11 2/19/99 4.0 3.3 121% 8.0 10.2 127%
CF-11 3/9/99 4.7 4.1 117% 7.1 9.7 137%
CF-11 3/22/99 20.6 18,3 112% 17.4 23.1 133%
CF-11 4/11/99 7.1 5.3 135% 9.9 12.0 121%
CF-11 4/25/99 9.7 8.1 120% 14.0 17.5 125%
CF-11 5/17/99 9.8 8.2 120% 14.8 16.6 112%
CF-11 5/25/99 26.5 19.2 138% 33.5 36.8 110%
CF-11 6/2/99 47.1 38.4 123% 39.4 55.2 140%
CF-11 6/10/99 44.6 36.5 122% 33.6 49.8 148%
CF-11 6/23/99 30.7 27.5 112% 31.1 42.0 135%
CF-11 7/15/99 6.7 6.0 111% 8.3 15.1 183%
CF-11 9/1/99 4.4 3.9 112% 7.0 11.4 164%
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Figure 1. Sampling Site Locations 
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Figure 2: Hydrographs for 1999 temporal sampling sites
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Figure 3. Total suspended sediment vs time for the 
1999 temporal sampling events 
Measurement error was not determined therefore it is not represented on figures.
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Figure 4. Total Ca, Cu, and Zn vs. time 
at CF-6. Notice contrasting behavior at 
March 21 (3/21) sampling event.
Error bars are +/- 1 std. dev. from the 
mean concentration for the site.
Figure 5. Total As vs. time at FC, RC, and 
CF-11. A maximum concentration at the 
mainstem site occurs March 21 whereas 
May 25 marks the maximum concentration in 
the tributaries. Error bars are +/-1 std. dev. 
from the mean concentration for the site.
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Figure 6. Measured Total Cu. Acute, and Chronic Aquatic Life Standards 
Black diamonds represent acute standard, open squares represent chronic standard, 
gray triangles represent measured total Cu Error bars on measured Cu represent 
+/-1 standard deviation from the mean concentration of site replicates.
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Figure 7. Measured Total Zn, Acute, and Chronic Aquatic Life Standards
Open squares represent both the acute and chronic standard, gray triangles represent measured
total Zn. Error bars on measured Zn represent standard deviation
from the mean concentration of site replicates.
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Figure 8. Total S, Cu, As, and Zn at CF-9 vs. streamflow (Q). Notice peak response to early 
hydrograph peak (3/21) in trace metals. Major elements demonstrate an approximate 
negative linear relationship to Q. Error bars on concentration are +/-1 std. dev. from the mean 
concentration. Error bars on Q are +/-10%  of the measured Q.
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Figure 9. Total Fe and Ca vs. Q at FC and RC, respectively. Similar patterns are seen for all 
major elements in both tributaries. No discernable hysteresis pattern exists for trace elements in 
FC. This holds for most trace elements in RC with the exception of Fe.
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Figure 11. Filterable As with time at CF-4, FC, 
and CF-11
57
CF-9 Ca
u  40
■g 30
20000 40000 60000 80000
Q(Us )
0.025
C F-4 As
0.020
0.0 5
0.010
a  0.005
0.000 -I
0 5000 10000 15000 20000
Q(lVs)
0.010 1
C F-9C U
^  0.008 
s
0.006
0.004
0.002
0.000 4
60000 8000020000 400000
0.012 1
C F-4C U
5  0.008
9u<u
1.004
0 5000 10000 15000 20000
Q (L /s ) Q(lVs)
0.020
CF-9 Fe
0.016
« 0.012 
a
0.008
S3 0.004
0.000  -
20000 40000 60000 800000
UD
a
I
JS
I
0.05
C F 4 M n
0.04
0.03
.02
1.01
0
5000 10000 15000 200000
Q (Us)
Q(Us )
Figure 12. Filterable Ca, Cu, and Fe vs. Q at 
CF-9. Note peak response in Cu and Fe 
to March 21, 1999 but not in Ca.
Ca pattern typical of majors in mainstem sites. 
Error bars on concentration represent +/- 1 
std. dev. from the mean. Error on Q 
represents +/- 10% of measured Q.
Figure 13. Filterable As, Cu, and Mn vs. Q at 
CF-4. Notice increasing As and Cu and 
decreasing Mn with near steady state Q. Error 
bars on concentration represent +/- 1 std. dev. 
from the mean. Error on Q represents +/- 10% 
of measured Q.
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Figure 14. Mass balance predicted filterable loads vs.measured filterable loads. 
Open squares represent the measured filterable load at the site with its associated error 
Solid circles represent the mass balance filterable load calculated for the site.
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Appendix I: Analytical Data and Quality Control Summaries for 
the 1998 Basinwide and 1999 Temporal Sampling Events
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Summary of ICAPES data for 1998 basinwide sampling event
Sample Name River Ag AI As Ba Be Ca Cd Co Cr Cu Fe K
Units Km (̂ g/1) (pg/i) (rig/i) (̂ g/i) (mg/i) (pg/i) (pg/i) (tig/i) (̂ g/i) (mg/1)
Practical Quantifiable Limit (POL) 0.8 3 5 1 0.05 0.005 0.5 0.5 2 0.8 5 0 10
Clark Fork Mainstem
CF-1 779.4 BPQL BPQL 35 34 BPQL 59.8 BPQL BPQL BPQL 3.8 21 2.94
CF-2 776.7 BPQL 16 24 29 BPQL 59.7 BPQL BPQL BPQL 4.2 18 2.53
CF-3 767.8 BPQL 18 22 36 BPQL 65.5 BPQL BPQL BPQL 4.5 15 2.58
CF-4 743.0 BPQL BPQL 17 54 BPQL 60.4 BPQL BPQL BPQL 5.3 13 3.01
CF-5 726.3 BPQL BPQL 18 55 BPQL 60.2 BPQL BPQL BPQL 5.4 12 3.47
CF-6 698.6 BPQL BPQL 15 44 BPQL 53.2 BPQL BPQL BPQL 4 5 9 3 14
CF-7 690.6 BPQL BPQL 15 47 BPQL 58.7 BPQL BPQL BPQL 4.4 9 3.30
CF-8 670.6 BPQL BPQL 14 63 BPQL 58.2 BPQL BPQL BPQL 4.1 10 3.81
CF-9 649.9 BPQL BPQL 15 56 BPQL 65.8 BPQL BPQL BPQL 3.6 8 3.96
CF-10 625.1 BPQL BPQL 14 59 BPQL 63.1 BPQL BPQL BPQL 3.7 7 3.68
CF-11 595.5 BPQL 15 9 76 BPQL 40.7 BPQL BPQL BPQL 1.9 7 2.41
Tributaries
SB 791.0 BPQL 4 15 26 BPQL 52.0 0.9 BPQL BPQL 51 1 73 5.15
WS 777 8 BPQL 6 7 19 BPQL 51.3 BPQL BPQL BPQL 18 17 1.38
LBF 717.1 BPQL 10 8 36 BPQL 33.3 BPQL BPQL BPQL BPQL 14 2.10
GC 701.2 BPQL 11 7 27 BPQL 61.4 BPQL BPQL BPQL BPQL 14 3.38
FC 671.9 BPQL 19 13 141 BPQL 61.2 BPQL BPQL BPQL BPQL 19 5.09
RC 614.3 BPQL 6 BPQL 87 BPQL 15.7 BPQL BPQL BPQL BPQL 13 1.07
0\
Summary of ICAPES data for 1998 basinwide sampling event (cont.)
Sample Name Li Mg Mn Mo Na Ni Pb s Si Sr Ti V Zn
Units (pg/i) (mg/l) (pg/1) (pg/i) (mg/l) (̂ g/1) (pg/1) (mg/l) (mg/l) (pg/i) (pg/1) (pg/1) (pg/i)
PQL 0.5 0.006 0.3 1 0.15 2 6 0.01 0.02 2 2 2 0.2
Clark Fork Mainstem
CF-1 11.6 14.65 50.3 4 17.30 BPQL BPQL 38.97 9.99 233 BPQL BPQL 1.2
CF-2 9.8 13.57 52.0 4 13.63 BPQL BPQL 32.43 8.21 193 BPQL BPQL 1.0
CF-3 10.6 15.69 10.7 4 15.10 BPQL BPQL 34.42 8.41 242 BPQL BPQL 0.7
CF-4 11.2 13.78 15.8 4 18.00 BPQL BPQL 26.99 9.71 263 BPQL BPQL 0.9
CF-5 12.6 14.17 10.8 4 19.68 BPQL BPQL 25.28 9.88 288 BPQL BPQL 07
CF-6 16.5 13,11 4.6 3 16.83 BPQL BPQL 21.41 8.16 280 BPQL BPQL 0 5
CF-7 15.9 12 86 15.6 3 15.68 BPQL BPQL 21.75 8.28 289 BPQL BPQL 0.4
CF-8 14 1 14.03 15.8 3 17.13 BPQL BPQL 20.22 9.93 291 BPQL BPQL 0.4
CF-9 16.8 16.98 5.3 3 17.28 BPQL BPQL 29.35 9.54 393 BPQL BPQL 0.2
CF-10 16.7 17.49 4.8 3 17.15 BPQL BPQL 29.08 8.78 383 BPQL BPQL 0.2
CF-11 9.4 11.54 3.6 2 10.33 BPQL BPQL 15.23 6.42 213 BPQL BPQL 1.2
Tributaries
SB 22.6 12.40 388.2 5 31.90 BPQL BPQL 33.00 13.17 309 BPQL BPQL 90.8
WS 3.9 10 41 130.2 3 5.14 BPQL BPQL 17.23 5.66 93 BPQL BPQL 14
LBF 8.5 8.63 9.8 1 7.68 BPQL BPQL 3.97 9.77 175 BPQL BPQL BPQL
GC 10.6 7.55 8.8 5 11.30 BPQL BPQL 12 11 14.14 246 BPQL BPQL BPQL
FC 5.7 17.28 63.7 2 14.88 BPQL BPQL 8.98 15.62 248 BPQL BPQL 0.4
RC 2 5 5.29 2.1 BPQL 3.44 BPQL BPQL 1.11 4.64 34 BPQL BPQL BPQL
ONNJ
Summary of ICAPES quality control for 1998 basinwide sampling event
External standard USGS T-143
Sum m ary of USGS Standard T-143 m easured on ICAPES during sam ple analyses.
(n = 40)
Element Units
Reported 
Mean (Range)*
Measured 
Mean (Std. Dev.)
Measured Mean 
w/in Reported Range?
Ag pg/L 19.8 (1.8) 20.3 (0.8) Yes
AI pg/L 22.1 (16.6) 20 (1) Yes
As pg/L 15.2 (2.4) 17(1) Yes
Ba pg/L 81.9(9.0) 72 (2) Yes
Be pg/L 8.50 (1.32) 7.74 (0.24) Yes
Ca mg/L 53.7 (4.4) 51.9 (2.0) Yes
Cd pg/L 19.1 (3.0) 16.6 (0.7) Yes
Co pg/L 17 0(2.4) 14.7 (0.5) Yes
Cr pg/L 37.0 (5.2) 33 (1) Yes
Cu pg/L 22.3 (3.8) 21.1 (0.9) Yes
Fe pg/L 222 (28) 203 (7) Yes
K mg/L 2 50 (0.42) 2.34 (0.13) Yes
Li pg/L 18.0 (4.2) 16.5 (0.5) Yes
Mg mg/L 10.4 (1.0) 10.05 (0.28) Yes
Mn pg/L 18.2 (3.8) 16.2 (0.5) Yes
Mo pg/L 36.1 (8.6) 33 (1) Yes
Na mg/L 34.0 (3.2) 32.34 (0.87) Yes
Ni pg/L 71.0 (10.0) 64 (2) Yes
Pb pg/L 83.4 (14.2) 78 (3) Yes
S mg/L Not reported - -
Si mg/L 10.94 (1.64) 11.56 (0.56) Yes
Sr pg/L 306 (30) 273 (11) Yes
TI pg/L Not reported - -
V pg/L 30.0 (6.0) 26 (1) Yes
Zn pg/L 20.0 (4.4) 18.0 (0.8) YesONw * Reported range is 2 pseudosigmas from the mean
Summary of ICAPES quality control for 1998 basinwide sampling event
Analytical duplicates and fortified samples
CT\
Summary o f ICAPES analytical dup Icates.
Element
Number of 
dup). pairs 
above PQL
Mean % 
difference of 
dupl. pairs
Std. Dev. of mean 
of % difference 
of dupl. pairs
Ag 0 - -
AI 5 17.9 0.22
As 10 4.2 0.03
Ba 11 1.1 0.01
Be 0 - -
Ca 11 1.9 0.01
Cd 0 - -
Co 0 - -
Cr 0 - -
Cu 8 3.6 0.03
Fe 11 4.9 0.04
K 11 2.9 0.02
Li 11 2.0 0.02
Mg 11 1.7 0.01
Mn 11 1.2 0.02
Mo 9 3.5 0.02
Na 11 2.6 0.03
Ni 0 - -
Pb 0 - -
S 11 1.5 0.01
Si 11 1.2 0.01
Sr 11 2.2 0.02
Ti 0 - -
V 0 - -
Zn 9 7.1 0.07
Summary of ICAPES fortified sample recoveries.
Element Units
Spike
Values
Mean percent 
recovery
Std. Dev. of 
mean percent 
recovery
Ag F9/L 0.02 128.2 0.10
AI FQ/L 0.5 100.4 0.07
As F9/L 0.5 98.9 0.05
Ba fq/l 0.5 89.9 0.04
Be Fg/L 0.1 98.1 0.04
Ca mg/L 20 93.7 0.09
Cd FQ/L 0.2 88.9 0.04
Co Fg/L 0.2 90.3 0.04
Cr Fg/L 0.5 91-7 0.05
Cu fq/l 0.5 99.9 0.04
Fe F9/L 0.5 94.7 0.04
K mg/L 5 96.7 0.04
Li FQ/L 0.5 102.5 0.04
Mg mg/L 5 95.4 0.07
Mn FQ/L 0.5 93.6 0.05
Mo fq/l 0.2 92.3 0.04
Na mg/L 10 99.1 0.06
Ni FQ/L 0.5 90.0 0.04
Pb F9/L 0.5 95.7 0.04
S mg/L 5 91.6 0.36
Si mg/L 5 93.3 0.35
Sr FQ/L 0.5 90.7 0.06
Ti F9/L 0.1 94.2 0.04
V FQ/L 0.2 95.3 0.04
Zn Fg/L 0.5 94.2 0.05
Summary of ICAPES quality control for 1998 basinwide sampling event
Laboratory and field blanks
ON
LA
Laboratory Blanks Field Blanks
Element Units PQL
(n = 4) 
Number of blanks 
below PQL
(n = 4) 
Number of blanks 
below PQL
Ag F9/L 0.8 4 4
A! pg/L 3 4 4
As 5 4 4
Ba FQ/L 1 4 4
Be F9/L 0.05 4 4
Ca mg/L 0.005 3 0
Cd tig/L 0.5 4 4
Co kig/L 0.5 4 4
Cr 2.0 4 4 '
Cu ng/L 1 4 4
Fe [ig/l 5 4 4
K mg/L 0.100 4 4
Li ^g/L 0.5 4 4
Mg mg/L 0.006 4 1
Mn Fg/L 0.3 4 4
Mo i^g/L 1 4 4
Na mg/L 0.150 4 2
Ni Fg/L 2 4 4
Pb F9/L 6 4 4
S mg/L 0.010 4 3
Si mg/L 0.020 4 2
Sr Fg/L 2 4 4
Ti Fg/L 2 4 4
V Fg/L 2 4 4
Zn Fg/L 0.2 4 3
Summary of ICAPES data for 1999 temporal sampling events - dissolved phase (FA; F iltered , Acidified)
(ICAPES method configuration changed after analysis of 011999 and 021899 samples.)
Sample Name Ag A! Ba Be Ca Cd Co Cr Cu Fe K Li
Practical Quantifiable Limit (mg/L) 0.0008 0.003 0.001 0.00005 0.005 0.0005 0.0005 0.002 0.0008 0.005 0.100 0 0005
Method Detection Limit (mçÆ) 0.003 0.005 0.001 0.0001 0.055 0.001 0.001 0.005 0.001 0.001 0.059 0.001
ON
Clark Fork at Deer Lodge (CF-4)
Mean DL 011999 FA
Mean DL 021899 FA
Mean DL 030999 FA
Mean DL 032199 FA
Mean DL 041199 FA
Mean DL 042599 FA
Mean DL 051799 FA
Mean DL 052599 FA
Mean DL 060299 FA
Mean DL 061099 FA
Mean DL 062399 FA
Mean DL 071599 FA
Mean DL 090199 FA
Clark Fork at Gold Creek (CF-6)
Mean GC 011999 FA
Mean GC 021899 FA
Mean GC 030999 FA
Mean GC 032199 FA
Mean GC 041199 FA
Mean GC 042599 FA
Mean GC 051799 FA
Mean GC 052599 FA
Mean GC 060299 FA
Mean GC 061099 FA
Mean GC 062399 FA
Mean GC 071599 FA
Mean GC 090199 FA
BPQL BPQL 0.0403 BPQL 65.00 BPQL BPQL BPQL 0.004 0.013 3.06 0.011
BPQL BPQL 0.0406 BPQL 65.52 BPQL BPQL BPQL 0.003 0.011 2.96 0.011
BMDL BMDL 0.0443 BMDL 63.30 BMDL BMDL BMDL 0.004 0.011 2.93 0.011
BMDL BMDL 0.0428 BMDL 61.85 BMDL BMDL BMDL 0.006 0.016 3.20 0.012
BMDL BMDL 0.0417 BMDL 61.42 BMDL BMDL BMDL 0.004 0.013 3.11 0.012
BMDL 0.006 0.0409 BMDL 57.46 BMDL BMDL BMDL 0.006 0.020 3.29 0.012
BMDL 0.006 0.0376 BMDL 56.07 BMDL BMDL BMDL 0.007 0.025 3.14 0.012
BMDL 0.006 0.0289 BMDL 42.69 BMDL BMDL BMDL 0.009 0.020 2.86 0.010
BMDL 0.006 0.0222 BMDL 31.21 BMDL BMDL BMDL 0.010 0.023 2.23 0.008
BMDL 0.006 0.0253 BMDL 39.23 BMDL BMDL BMDL 0.010 0.018 2.56 0.009
BMDL 0.009 0.0208 BMDL 28.01 BMDL BMDL BMDL 0.008 0.020 1.59 0.005
BMDL BMDL 0.0446 BMDL 52.33 BMDL BMDL BMDL 0.007 0.008 2.56 0.010
BMDL BMDL 0.0551 BMDL 63.39 BMDL BMDL BMDL 0.006 0.011 3.38 0,012
0.001 BPQL 0.0373 BPQL 59.96 BPQL BPQL BPQL 0.003 0.008 2.91 0.014
BPQL BPQL 0.0359 BPQL 58.33 BPQL BPQL BPQL 0.003 0.008 2.78 0 013
BMDL BMDL 0.0414 BMDL 58.62 BMDL BMDL BMDL 0.003 0.008 2.88 0.014
BMDL BMDL 0.0366 BMDL 41.59 BMDL BMDL BMDL 0.005 0.026 3.77 0.010
BMDL BMDL 0.0394 BMDL 54.58 BMDL BMDL BMDL 0.003 0.008 2.80 0.013
BMDL BMDL 0.0363 BMDL 47.35 BMDL BMDL BMDL 0.004 0.010 2.63 0.012
BMDL BMDL 0.0354 BMDL 47.33 BMDL BMDL BMDL 0.004 0.013 2.61 0.012
BMDL 0.006 0.0291 BMDL 32.19 BMDL BMDL BMDL 0.005 0.019 2.33 0 009
BMDL 0.006 0.0242 BMDL 29.37 BMDL BMDL BMDL 0.006 0.016 1.99 0.007
BMDL 0.006 0.0277 BMDL 36.76 BMDL BMDL BMDL 0.006 0.012 2.25 0.008
BMDL 0.006 0.0262 BMDL 36.21 BMDL BMDL BMDL 0.006 0.015 1.98 0.008
BMDL BMDL 0.0409 BMDL 55.27 BMDL BMDL BMDL 0.005 0.006 2.83 0 014
BMDL BMDL 0.0452 BMDL 59.30 BMDL BMDL BMDL 0.004 0.007 3.46 0.015
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Summary of ICAPES data for 1999 temporal sampling events - dissolved phase (FA; Filtered, Acidified) cont. 
(ICAPES method configuration changed after analysis of 011999 and 021899 samples.)
Sample Name Mg Mn Mo Na Ni Pb S Si Sr Ti V Zn
Practical Quantifiable Umit (mg/L) 0.006 0.0003 0.001 0.150 0.002 0 006 0.010 0.020 0.002 0.002 0.002 0.0002
Method Detection Limit (mg/L) 0.027 0.001 0.001 0.019 0.001 0.007 0.005 0.002 0.001 0.001 0.002 0.001
Clark Fork at Deer Lodge (CF-4)
Mean DL 011999 FA 
Mean DL 021899 FA 
Mean DL 030999 FA 
Mean DL 032199 FA 
Mean DL 041199 FA 
Mean DL 042599 FA 
Mean DL 051799 FA 
Mean DL 052599 FA 
Mean DL 060299 FA 
Mean DL 061099 FA 
Mean DL 062399 FA 
Mean DL 071599 FA 
Mean DL 090199 FA
Clark Fork at Gold Creek (CF-6)
Mean GC 011999 FA 
Mean GC 021899 FA 
Mean GC 030999 FA 
Mean GC 032199 FA 
Mean GC 041199 FA 
Mean GC 042599 FA 
Mean GC 051799 FA 
Mean GC 052599 FA 
Mean GC 060299 FA 
Mean GC 061099 FA 
Mean GC 062399 FA 
Mean GC 071599 FA 
Mean GC 090199 FA
14.23 0.031 0.004 15.41 BPQL BPQL 31.20 9.40 0.268 BPQL BPQL 0.011
14.20 0.045 0.004 15.06 BPQL BPQL 31.80 9.60 0.263 BPQL BPQL 0.003
14.02 0.041 0.004 14.17 BMDL BMDL 30.54 9.91 0.267 BMDL BMDL 0.046
14.21 0.035 0.004 14.63 BMDL BMDL 31.69 9.92 0.270 BMDL BMDL 0.006
14.06 0.038 0.004 14.56 BMDL BMDL 31.95 9.98 0.262 BMDL BMDL 0.006
13.07 0.028 0.004 14.76 BMDL BMDL 29.87 8.30 0.253 BMDL BMDL 0.002
12.57 0.033 0.004 13.75 BMDL BMDL 28.19 7.11 0.241 BMDL BMDL 0.002
9.12 0.009 0.004 12.23 BMDL BMDL 21.47 8.16 0.186 BMDL BMDL 0.003
7.47 0.013 0.003 9.83 BMDL BMDL 16.60 7.64 0.154 BMDL BMDL 0.004
9.24 0.020 0.003 11.22 BMDL BMDL 21.20 8.47 0.188 BMDL BMDL 0.007
6.19 0.016 0.003 6.66 BMDL BMDL 12.03 7.12 0.130 BMDL BMDL 0.004
10.52 0.025 0.004 12.10 BMDL BMDL 21.00 11.02 0.225 BMDL BMDL 0.002
13.10 0.016 0.004 15.13 BMDL BMDL 28.26 13.33 0.282 BMDL BMDL 0.002
12.71 0.018 0.003 13.81 BPQL BPQL 24.54 10.22 0.271 BPQL BPQL 0.003
12.50 0.020 0.003 13.54 BPQL BPQL 24.58 9.53 0.262 BPQL BPQL 0.002
12.87 0.026 0.003 12.64 BMDL BMDL 24.48 9.92 0.273 BMDL BMDL 0.015
9.09 0.029 0.002 9.36 BMDL BMDL 15.86 8.31 0.200 BMDL BMDL 0.013
11.93 0.020 0.003 11.94 BMDL BMDL 22.64 10.02 0.258 BMDL BMDL 0.002
10.38 0.012 0.003 10.80 BMDL BMDL 19.33 8.23 0.232 BMDL BMDL BMDL
10.33 0.011 0.003 10.16 BMDL BMDL 18.40 9.03 0.232 BMDL BMDL 0.001
7.35 0.004 0.002 8.18 BMDL BMDL 12.14 9.60 0.174 BMDL BMDL BMDL
6.09 0.007 0.003 6.75 BMDL BMDL 9.76 9.34 0.154 BMDL BMDL 0.002
7.80 0.013 0.003 7.88 BMDL BMDL 13.04 9.86 0.193 BMDL BMDL 0.002
7.16 0.011 0.003 7.57 BMDL BMDL 10.88 9.89 0.185 BMDL BMDL 0.002
10.66 0.007 0.004 11.54 BMDL BMDL 15.88 13.22 0.268 BMDL BMDL 0.005
11.39 0.007 0.004 13.10 BMDL BMDL 20.16 13.37 0.291 BMDL BMDL BMDL
Summary of ICAPES data for 1999 temporal sampling events - dissolved phase (FA: F iltered , Acidified)
(ICAPES method configuration changed after analysis of 011999 and 021899 samples.)
Sample Name Ag AI Ba Be Ca Cd Co Cr Cu Fe K Li
Practical Quantifiable Limit (mg/L) 0.0006 0.003 0 001 0.00005 0.005 0.0005 0.0005 0.002 0.0008 0.005 0.100 0.0005
Method Detection Limit (mg/L) 0.003 0.005 0.001 0.0001 0.055 0.001 0.001 0.005 0.001 0.001 0.059 0.001
Flint Greek (FC)
Mean FC 011999 FA BPQL BPQL 0.0742 BPQL 36.55 BPQL BPQL BPQL BPQL 0.006 2.45 0.004
Mean FC 021899 FA BPQL BPQL 0.0698 BPQL 35.74 BPQL BPQL BPQL BPQL 0.006 2.45 0.004
Mean FC 030999 FA BMDL BMDL 0.0716 BMDL 36.23 BMDL BMDL BMDL BMDL 0.005 2.57 0.004
Mean FC 032199 FA BMDL BMDL 0.0752 BMDL 30.46 BMDL BMDL BMDL 0.001 0.029 3.69 0.004
Mean FC 041199 FA BMDL BMDL 0.0783 BMDL 32.43 BMDL BMDL BMDL BMDL 0.007 2.34 0.004
Mean FC 042599 FA BMDL BMDL 0.0709 BMDL 23.57 BMDL BMDL BMDL 0.002 0.012 2.05 0.003
Mean FC 051799 FA BMDL BMDL 0.0908 BMDL 34.35 BMDL BMDL BMDL 0.001 0.007 2.53 0.004
Mean FC 052599 FA BMDL 0.008 0.0548 BMDL 20.07 BMDL BMDL BMDL 0.001 0.027 1.68 0.002
Mean FC 060299 FA BMDL 0.010 0.0568 BMDL 22.49 BMDL BMDL BMDL 0.001 0.019 1.81 0.002
Mean FC 061099 FA BMDL 0.006 0.0726 BMDL 29.65 BMDL BMDL BMDL BMDL 0.013 2.29 0.003
Mean FC 062399 FA BMDL 0.007 0.0785 BMDL 33.34 BMDL BMDL BMDL BMDL 0.016 2.52 0.003
Mean FC 071599 FA BMDL BMDL 0.1265 BMDL 56.06 BMDL BMDL BMDL BMDL 0.011 4.18 0.005
Mean FC 090199 FA BMDL BMDL 0.1386 BMDL 58.26 BMDL BMDL BMDL 0.001 0.011 4.99 0.006
Clark Fork at Bear Mouth (CF-9)
O n
OO
Mean BM 012199 FA 0.001 BPQL 0.0509 BPQL 59.84 BPQL BPQL BPQL 0.003 BPQL 2.98 0.013
Mean BM 021999 FA BPQL BPQL 0.0471 BPQL 58.22 BPQL BPQL BPQL 0.002 0.006 2.85 0.013
Mean BM 030999 FA BMDL BMDL 0.0545 BMDL 59.02 BMDL BMDL BMDL 0.003 0.006 3.02 0.013
Mean BM 032199 FA BMDL BMDL 0.0486 BMDL 47.71 BMDL BMDL BMDL 0.007 0.014 3.79 0.012
Mean BM 041199 FA BMDL 0.005 0.0527 BMDL 54.34 BMDL BMDL BMDL 0.003 0.007 2.82 0.012
Mean BM 042599 FA BMDL BMDL 0.0529 BMDL 45.28 BMDL BMDL BMDL 0.004 0.008 2.61 0.011
Mean BM 051799 FA BMDL BMDL 0.0503 BMDL 51.61 BMDL BMDL BMDL 0.004 0.008 2.74 0.012
Mean BM 052599 FA BMDL BMDL 0.0474 BMDL 39.98 BMDL BMDL BMDL 0.006 0.013 2.56 0.009
Mean BM 060299 FA BMDL 0.006 0.0371 BMDL 31.55 BMDL BMDL BMDL 0.007 0.017 2.19 0.007
Mean BM 061099 FA BMDL 0.006 0.0436 BMDL 38.29 BMDL BMDL BMDL 0.007 0.011 2.55 0.008
Mean BM 062399 FA BMDL 0.006 0.0433 BMDL 40.37 BMDL BMDL BMDL 0.007 0.011 2.49 0.009
Mean BM 071599 FA BMDL BMDL 0.0567 BMDL 65.83 BMDL BMDL BMDL 0.005 0.003 3.56 0 015
Mean BM 090199 FA BMDL BMDL 0.0659 BMDL 68.95 BMDL BMDL BMDL 0.004 0.004 4.30 0.016
Summary of ICAPES data for 1999 temporal sampling events - dissolved phase (FA; F iltered , A cidified) con t.
(ICAPES method configuration changed after analysis of 011999 and 021899 samples.)
Sample Name Mg Mn Mo Na Ni Pb S Si Sr Ti V Zn
Practical Quantifiable Limit (mg/L) 0.006 0.0003 0.001 0.150 0.002 0.006 0.010 0.020 0.002 0.002 0.002 0.0002
Method Detection Limit (mg/L) 0.027 0.001 0.001 0.019 0.001 0.007 0.005 0.002 0.001 0.001 0.002 0.001
Flint Creek (FC)
Mean FC 011999 FA 11.58 0.014 0.002 7.65 BPQL BPQL 5.50 10.34 0.120 BPQL BPQL 0.001
Mean FC 021899 FA 11.47 0.011 0.002 7.53 BPQL BPQL 5.41 9.94 0.118 BPQL BPQL 0.002
Mean FC 030999 FA 11.67 0.015 0.002 7.26 BMDL BMDL 5.69 10.20 0.123 BMDL BMDL 0.003
Mean FC 032199 FA 10.10 0.020 0.002 6.62 BMDL BMDL 4.47 9.50 0.104 BMDL BMDL 0.004
Mean FC 041199 FA 10.67 0.019 0.002 6.38 BMDL BMDL 5.00 9.64 0.108 BMDL BMDL BMDL
Mean FC 042599 FA 7.95 0.012 0.001 5.60 BMDL BMDL 3.76 9,49 0.085 BMDL BMDL BMDL
Mean FC 051799 FA 11.02 0.017 0.002 6.58 BMDL BMDL 4.76 10.39 0.119 BMDL BMDL BMDL
Mean FC 052599 FA 5.51 0.053 0.001 4.20 BMDL BMDL 2.28 7.79 0.073 BMDL BMDL BMDL
Mean FC 060299 FA 6.52 0.012 0.001 4.40 BMDL BMDL 2.32 8.07 0.080 BMDL BMDL 0.001
Mean FC 061099 FA 9.01 0.019 0.002 4.93 BMDL BMDL 3.70 8.83 0.105 BMDL BMDL 0.004
Mean FC 062399 FA 9.42 0.024 0.002 5.84 BMDL BMDL 3.83 10.30 0.127 BMDL BMDL 0.003
Mean FC 071599 FA 15.41 0.054 0.003 10.73 BMDL BMDL 7.21 15.10 0.216 BMDL BMDL 0.005
Mean FC 090199 FA 16.38 0.036 0.003 11.49 BMDL BMDL 8.67 16.44 0.236 BMDL BMDL BMDL
Clark Fork at Bear MouÜi (CF-9)
o\
\ D
Mean BM 012199 FA 14.41 0.015 0.003 12.81 BPQL BPQL 25,13 10.25 0.297 BPQL BPQL 0.005
Mean BM 021999 FA 14.33 0.014 0.003 12.61 BPQL BPQL 24.88 9.27 0.294 BPQL BPQL 0.015
Mean BM 030999 FA 14.66 0.016 0.003 11.64 BMDL BMDL 24.43 9.96 0.305 BMDL BMDL BMDL
Mean BM 032199 FA 11.38 0.014 0.003 10.54 BMDL BMDL 18.59 9.08 0.242 BMDL BMDL 0.003
Mean BM 041199 FA 13.39 0.014 0.002 10.89 BMDL BMDL 22.61 9.63 0.281 BMDL BMDL BMDL
Mean BM 042599 FA 11.32 0.008 0.002 9.49 BMDL BMDL 18.30 8.85 0.241 BMDL BMDL 0.001
Mean BM 051799 FA 12.52 0.007 0.003 10.09 BMDL BMDL 20.59 9.26 0.281 BMDL BMDL 0.001
Mean BM 052599 FA 9.23 0.005 0.003 8.19 BMDL BMDL 14.93 9.78 0.213 BMDL BMDL BMDL
Mean BM 060299 FA 7.66 0.005 0.002 7.73 BMDL BMDL 11.43 9.43 0.177 BMDL BMDL 0.003
Mean BM 061099 FA 9.68 0.012 0.002 8.61 BMDL BMDL 14.83 9.91 0.216 BMDL BMDL 0.003
Mean BM 062399 FA 9.73 0.009 0.003 8.80 BMDL BMDL 14.81 10.14 0.229 BMDL BMDL 0.002
Mean BM 071599 FA 15.68 0.009 0.004 13.04 BMDL BMDL 27.36 13.12 0.387 BMDL 0.002 BMDL
Mean BM 090199 FA 17.10 0.005 0.004 14.71 BMDL BMDL 29.70 12.72 0.410 BMDL BMDL BMDL
o
Summary of ICAPES data for 1999 temporal sampling events - dissolved phase (FA; F iltered , A cidified)
(ICAPES method configuration changed after analysis of 011999 and 021899 samples.)
Sample Name
Practical Quantifiable Limit (mg/L)
Method Detection Limit (mg/L)
Rock Creek (RC)
Mean RC 012199 FA 
Mean RC 021999 FA 
Mean RC 031099 FA 
Mean RC 032199 FA 
Mean RC 041199 FA 
Mean RC 042699 FA 
Mean RC 051899 FA 
Mean RC 052599 FA 
Mean RC 060299 FA 
Mean RC 061099 FA 
Mean RC 062399 FA 
Mean RC 071599 FA 
Mean RC 090199 FA
Clark Fork at Turah Bridge (CF-11 )
Mean TB 012199 FA 
Mean TB 021999 FA 
Mean TB 030999 FA 
Mean TB 032299 FA 
Mean TB 041199 FA 
Mean TB 042699 FA 
Mean TB 051899 FA 
Mean TB 052599 FA 
Mean TB 060299 FA 
Mean TB 061099 FA 
Mean TB 062399 FA 
Mean TB 071599 FA 
Mean TB 090199 FA
Ag AI Ba Be Ca Cd Co Cr Cu Fe K Li
0.0008 0.003 0.001 0.00005 0.005 0.0005 0.0005 0.002 0.0008 0.005 0.100 0.0005
0.003 0.005 0.001 0.0001 0.055 0.001 0.001 0.005 0.001 0.001 0.059 0001
BPQL BPQL 0.0817 BPQL 15.72 BPQL BPQL BPQL BPQL 0.006 1.03 0.003
BPQL BPQL 0.0800 BPQL 15.71 BPQL BPQL BPQL BPQL BPQL 1.02 0.003
BMDL BMDL 0 0954 BMDL 15.63 BMDL BMDL BMDL BMDL 0.005 1.13 0.003
BMDL BMDL 0.0827 BMDL 13.28 BMDL BMDL BMDL BMDL 0.013 1.26 0.002
BMDL BMDL 0.0919 BMDL 14.76 BMDL BMDL BMDL BMDL 0.009 1.13 0.003
BMDL 0.010 0.0693 BMDL 9.80 BMDL BMDL BMDL BMDL 0.019 1.00 0.002
BMDL 0.010 0.0704 BMDL 10.15 BMDL BMDL BMDL BMDL 0.018 0.94 0.002
BMDL 0.025 0.0416 BMDL 5.89 BMDL BMDL BMDL BMDL 0.042 0.91 BMDL
BMDL 0.027 0.0427 BMDL 6.36 BMDL BMDL BMDL BMDL 0.030 0.72 BMDL
BMDL 0.019 0.0541 BMDL 7.75 BMDL BMDL BMDL BMDL 0.023 0.76 BMDL
BMDL 0.020 0.0583 BMDL 9.34 BMDL BMDL BMDL BMDL 0.025 0.76 0.001
BMDL 0.009 0.0815 BMDL 13.56 BMDL BMDL BMDL BMDL 0.014 0.98 0.002
BMDL BMDL 0.1014 BMDL 17.15 BMDL BMDL BMDL BMDL 0.012 1.21 0.003
BPQL BPQL 0.0626 BPQL 49.08 BPQL BPQL BPQL 0.002 BPQL 2.42 0.010
BPQL BPQL 0.0594 BPQL 47.94 BPQL BPQL BPQL 0.002 BPQL 2.36 0.010
BMDL BMDL 0.0677 BMDL 48.09 BMDL BMDL BMDL 0.002 0.005 2.49 0.010
BMDL BMDL 0.0641 BMDL 33.10 BMDL BMDL BMDL 0.005 0.015 2.85 0.008
BMDL BMDL 0.0686 BMDL 40.61 BMDL BMDL BMDL 0.002 0.006 2.26 0.009
BMDL 0.006 0.0664 BMDL 28.14 BMDL BMDL BMDL 0.002 0.010 1.83 0.006
BMDL 0.005 0.0661 BMDL 31.08 BMDL BMDL BMDL 0.003 0.009 1.85 0.007
BMDL 0.010 0.0487 BMDL 17.21 BMDL BMDL BMDL 0.003 0.027 1 48 0.004
BMDL 0.013 0.0424 BMDL 17.85 BMDL BMDL BMDL 0.004 0.020 1.37 0.004
BMDL 0.010 0.0511 BMDL 23.26 BMDL BMDL BMDL 0.005 0.014 1.63 0.005
BMDL 0.012 0.0536 BMDL 23.30 BMDL BMDL BMDL 0.004 0.015 1.51 0.005
BMDL 0.006 0.0749 BMDL 33.33 BMDL BMDL BMDL 0.002 0.006 1.96 0.007
BMDL BMDL 0.0850 BMDL 43.03 BMDL BMDL BMDL 0.003 0.005 2.79 0.010
Summary of ICAPES data for 1999 temporal sampling events - dissolved phase (FA: F iltered , A cidified) cont.
(ICAPES method configuration changed after analysis of 011999 and 021899 samples.)
Sample Name Mg Mn Mo Na Ni Pb S Si Sr Ti V Zn
Practical Quantifiable Limit (mg/L) 0.006 0.0003 0.001 0.150 0.002 0.006 0.010 0.020 0.002 0.002 0.002 0.0002
Method Detection Limit (mg/L) 0.027 0.001 0.001 0.019 0.001 0.007 0.005 0.002 0.001 0.001 0.002 0.001
Rock Creek (RC)
Mean RC 012199 FA 5.57 0.000 0.001 3 31 BPQL BPQL 1.42 5.87 0.038 BPQL BPQL 0.002
Mean RC 021999 FA 5.67 0.000 0.001 3.46 BPQL BPQL 1.46 5.76 0.038 BPQL BPQL 0.012
Mean RC 031099 FA 5.63 BMDL 0.001 3.41 BMDL BMDL 1.52 6.43 0.039 BMDL BMDL 0.058
Mean RC 032199 FA 4.82 0 001 BMDL 3.15 BMDL BMDL 1.38 6.58 0.034 BMDL BMDL 0.002
Mean RC 041199 FA 5.32 BMDL BMDL 3.47 BMDL BMDL 1.57 6.41 0.039 BMDL BMDL BMDL
Mean RC 042699 FA 3.48 0.001 BMDL 2.79 BMDL BMDL 1.12 6.28 0.027 BMDL BMDL BMDL
Mean RC 051899 FA 3.59 0.001 BMDL 2.70 BMDL BMDL 1.02 6.58 0.028 BMDL BMDL BMDL
Mean RC 052599 FA 1.90 0.004 BMDL 2.19 BMDL BMDL 0.68 5 87 0.017 BMDL BMDL BMDL
Mean RC 060299 FA 2.07 0.002 BMDL 2.06 BMDL BMDL 0.61 5.48 0.018 BMDL BMDL BMDL
Mean RC 061099 FA 2.56 0.003 BMDL 1.86 BMDL BMDL 0.75 5.57 0.020 BMDL BMDL 0.004
Mean RC 062399 FA 2.88 0.002 BMDL 1.83 BMDL BMDL 0.68 5.30 0.022 BMDL BMDL BMDL
Mean RC 071599 FA 4.38 0.002 BMDL 2.46 BMDL BMDL 0.93 6.16 0.031 BMDL BMDL BMDL
Mean RC 090199 FA 5.72 0.001 0.001 3.37 BMDL BMDL 1.34 5.97 0.040 BMDL BMDL BMDL
Clark Fork at Turah Bridge (CF-11)
Mean TB 012199 FA 12.35 0.005 0.002 10.02 BPQL BPQL 18.57 8.97 0.231 BPQL BPQL 0.002
Mean TB 021999 FA 12.33 0.006 0.002 10.02 BPQL BPQL 18.88 8.17 0.229 BPQL BPQL 0.007
Mean TB 030999 FA 12.34 0.007 0.002 9.43 BMDL BMDL 18.48 8.87 0.235 BMDL BMDL BMDL
Mean TB 032299 FA 9.09 0.006 0.002 7.38 BMDL BMDL 11.90 8.12 0.169 BMDL BMDL 0.008
Mean TB 041199 FA 11.01 0.006 0.002 8,15 BMDL BMDL 15.47 8.44 0.205 BMDL BMDL BMDL
Mean TB 042699 FA 8.09 0.005 0.001 6 09 BMDL BMDL 10.39 7.56 0.146 BMDL BMDL BMDL
Mean TB 051899 FA 8.69 0.004 0.002 6.31 BMDL BMDL 11.17 7.81 0.163 BMDL BMDL BMDL
Mean TB 052599 FA 4.63 0.010 0.001 4.47 BMDL BMDL 5.55 7.26 0.085 BMDL BMDL BMDL
Mean TB 060299 FA 4.74 0.005 0.001 4.97 BMDL BMDL 5.30 7.25 0.088 BMDL BMDL 0.002
Mean TB 061099 FA 6.27 0.011 0.001 5.08 BMDL BMDL 7.72 7.70 0.118 BMDL BMDL 0.003
Mean TB 062399 FA 6.10 0.006 0.002 4.58 BMDL BMDL 6.96 7.45 0.114 BMDL BMDL 0.002
Mean TB 071599 FA 9.18 0.003 0.002 6.37 BMDL BMDL 11.26 8.77 0.173 BMDL BMDL BMDL
Mean TB 090199 FA 12.24 0.003 0.002 9.07 BMDL BMDL 16.72 8.81 0.242 BMDL BMDL BMDL
Summary of ICAPES quality control for 1999 temporal sampling events - dissolved phase
External Standards USGS T-143 and USGS T-145
Summary of USGS Standard T-143 measured on ICAPES 
during sample analyses.
(n = 105)
Element Units
Reported 
Mean (Range)*
Measured 
Mean (Std. Dev.)
Measured 
Mean w/in 
Reported 
Range?
Ag mg/L 0.020 (0.003) 0.023 (0.001) Yes
A! mg/L 0.022 (0.017) 0.021 (0.001) Yes
Ba mg/L 0.082 (0.009) 0.072 (0.002) No
Be mg/L 0.0085 (0.0013) 0.0079 (0.0002) Yes
Ca mg/L 53.7(4.4) 54.04 (1.39) Yes
Cd mg/L 0.019 (0.003) 0.017(0.001) Yes
Co mg/L 0.017 (0.002) 0.016 (0.000) Yes
Cr mg/L 0.037 (0.005) 0.033 (0.001) Yes
Cu mg/L 0.022 (0.004) 0.022 (0 000) Yes
Fe mg/L 0.222 (0.028) 0.212 (0.005) Yes
K mg/L 2.50 (0.42) 2.48 (0.04) Yes
Li mg/L 0.018 (0.004) 0.017 (0.000) Yes
Mg mg/L 10.4(1.0) 10.23 (0.23) Yes
Mn mg/L 0 018 (0.004) 0.016(0.000) Yes
Mo mg/L 0.036 (0 009) 0.035 (0.001) Yes
Na mg/L 34.0(3.2) 31.57 (0.64) Yes
Ni mg/L 0.071 (0.010) 0.067 (0.002) Yes
Pb mg/L 0.083 (0 014) 0.082 (0 002) Yes
S mg/L Not reported * *
Si mg/L 10.94 (1.64) 12.92 (0.37) No
Sr mg/L 0.306 (0.030) 0.293 (0.007) Yes
TI mg/L Not reported * *
V mg/L 0 030 (0.006) 0.028 (0.001) Yes
Zn mg/L 0 020 (0.004) 0.018 (0.000) Yes
Summary of USGS Standard T-145 measured on ICAPES 
during sample analyses.
(n = 16)
Element Units
Reported 
Mean (Range)*
Measured 
Mean (Std. Dev.)
Measured 
Mean w/in 
Reported 
Range?
Ag mg/L 0.008 (0.002) 0.009 (0.000) Yes
A! mg/L 0.068 (0.012) 0.063 (0.002) Yes
Ba mg/L 0.037 (0.004) 0.033 (0.001) Yes
Be mg/L 0.0090 (0.0014) 0 0084 (0.0002) Yes
Ca mg/L 30.7 (2.6) 28.9 (0.82) Yes
.Cd mg/L 0.009 (0.002) 0.009 (0.000) Yes
Co mg/L 0.010(0.002) 0.010 (0.000) Yes
Cr mg/L 0.015 (0 003) 0.014(0.001) Yes
Cu mg/L 0.011 (0.003) 0 010 (0,000) Yes
Fe mg/L 0.101 (0.016) 0.099 (0.002) Yes
K mg/L 2.13(0.32) 2.08 (0.05) Yes
Li mg/L 0.027 (0.005) 0.025 (0.000) Yes
Mg mg/L 8.68 (0.9) 8 51 (0.17) Yes
Mn mg/L 0.021 (0 003) 0.018 (0.000) Yes
Mo mg/L 0.009 (0.003) 0.009 (0 000) Yes
Na mg/L 41.2(3.8) 38.1 (0.89) Yes
Ni mg/L 0.011 (0.003) 0.011 (0 000) Yes
Pb mg/L 0.013 (0.003) 0.014 (0.001) Yes
S mg/L Not reported * *
Si mg/L 5.28 (1.32) 6 47 (0.19) Yes
Sr mg/L 0 203 (0 018) 0.198 (0.004) Yes
Ti mg/L Not reported * *
V mg/L 0.012 (0.003) 0.011 (0.000) Yes
Zn mg/L 0.010(0.004) 0.008 (0.000) Yes
* Reported range is 2 F-pseudosigmas from the mean * Reported range is 2 F-pseudosigmas from the mean
Summary of ICAPES quality control for 1999 temporal sampling events - dissolved phase
Analytical duplicates and fortified samples.
Summary of ICAPES analytical duplicates.
In = 75)
Element
Number of 
dupl. pairs 
above PQL/MDL
Mean % 
difference of 
dupl. pairs
Std. Dev. of mean 
of % difference 
of dupl. pairs
Ag 4 7.6 0.10
AI 17 6.5 0.09
Ba 75 1.5 0.02
Be 0 - -
Ca 75 1.7 0.02
Cd 0 - -
Co 0 - -
Cr 0 - -
Cu 55 3.7 0.04
Fe 75 2.9 0.03
K 75 1.3 0.02
Li 73 1.6 0.03
Mg 75 1.4 0.02
Mn 74 1.8 0.04
Mo 65 5.4 0.04
Na 64 1.5 0.02
Ni 0 - -
Pb 0 - -
S 75 1.8 0.03
Si 75 1.0 0.01
Sr 75 1.2 0.01
Ti 0 - -
V 0 - -
Zn 50 2.8 0.07
Summary of ICAPES fortified sample recoveries.
(n = 65)
Element Units
Spike
Values
Mean
percent
recovery
Std. Dev. of 
mean percent 
recovery
Ag mg/L 0.02 97.5 0.08
AI mg/L 0.5 101.9 0.03
Ba mg/L 0.5 90.1 0.05
Be mg/L 0.1 98.5 0.03
Ca mg/L 20 100.3 0.09
Cd mg/L 0.2 91.0 0.04
Co mg/L 0.2 93.7 0.04
Cr mg/L 0.5 92.7 0.04
Cu mg/L 0.5 99.2 0.03
Fe mg/L 0.5 97.9 0.04
K mg/L 5 102.3 0.04
LI mg/L 0.5 122.9 0.04
Mg mg/L 5 98.7 0.05
Mn mg/L 0.5 94.0 0.04
Mo mg/L 0.2 94.3 0.04
Na mg/L 10 100.7 0.12
NI mg/L 0.5 93.5 0.04
Pb mg/L 0.5 96.7 0.03
S mg/L 5 101.4 0.08
Si mg/L 5 109.9 0.05
Sr mg/L 0.5 94.1 0.06
Ti mg/L 0.1 97.7 0.03
V mg/L 0.2 96.5 0.03
Zn mg/L 0.5 94.0 0.04
LO
Summary of ICAPES quality control for 1999 temporal sampling events - dissolved phase
Laboratory, field, and trip blanks
Summary of laboratory, field, and trip blanks measured on ICAPES during sample analyses.
Laboratory Blanks (n = 44) Field Blaniks (n = 17) Trip Blanks (n = 13)
Number of Number of Number of
PQL/MDL^
lab blanks Measured field blanks Measured trip blanks Measured
Element Units above PQL/MDL Mean (Std.Dev.) above PQL/MDL Mean (Std.Dev.) above PQL/MDL Mean (Std.Dev.)
Ag mg/L 0.0008/0.003 0 - 0 - 0 -
AI mg/L 0.003/0.007 0 - 0 - 0 -
Ba mg/L 0.001/0.001 0 - 0 - 0 -
Be mg/L 0.00005/0.0001 0 - 0 - 0 -
Ca mg/L 0.005/0.07 0 - 1 0.08 0 -
Cd mg/L 0.0005/0.001 0 - 0 - 0 -
Co mg/L 0.0005/0.001 0 - 0 - 0 -
Cr mg/L 0.002/0.005 0 - 0 - 0 -
Cu mg/L 0.0008/0.002 0 - 0 - 0 -
Fe mg/L 0.005/0.004 0 - 0 - 0 -
K mg/L 0.100/0.100 0 - 0 - 0 -
Li mg/L 0.0005/0.002 0 - 0 - 0 -
Mg mg/L 0.006/0.05 0 - 0 - 0 -
Mn mg/L 0.0003/0.001 0 - 0 - 0 -
Mo mg/L 0.001/0.002 0 - 0 - 0 -
Na mg/L 0.150/0.18 0 - 9 0.22 (0.08) 6 0.20 (0.03)
Ni mg/L 0.002/0.001 0 - 0 - 0 -
Pb mg/L 0.006/0 002 0 - 0 - 0 -
S mg/L 0.010/0.01 1 0.01 15 0.02 (0.01) 10 0.02 (0.01)
Si mg/L 0.020/0.020 0 - 0 - 0 -
Sr mg/L 0.002/0.001 0 - 0 - 0 -
Ti mg/L 0.002/0.002 0 - 0 - 0 -
V mg/L 0.002/0.003 0 - 0 - 0 -
Zn mg/L 0.0002/0.001 0 - 8 0.005 (0.008) 4 0,007 (0.005)
1 PQL values apply to samples analyzed in May and June, 1999; MDL values apply to samples analyzed 
In September and October, 1999 due to method revisions.
Summary of ICAPES data for 1999 temporal sampling events - total recoverable metals
Sample Name
Practical Quantifiable Limit (mg/L)
Clark Fork at Deer Lodge (CF-4) 
Mean DL 011999 TRM 
Mean DL 021899 TRM 
Mean DL 030999 TRM 
Mean DL 032199 TRM 
Mean DL 041199 TRM 
Mean DL 042599 TRM 
Mean DL 051799 TRM 
Mean DL 052599 TRM 
Mean DL 060299 TRM 
Mean DL 061099 TRM 
Mean DL 062399 TRM 
Mean DL 071599 TRM 
Mean DL 090199 TRM
Clark Fork at Gold Creek (CF-6) 
Mean GC 011999 TRM 
Mean GC 021899 TRM 
Mean GC 030999 TRM 
Mean GC 032199 TRM 
Mean GC 041199 TRM 
Mean GC 042599 TRM 
Mean GC 051799 TRM 
Mean GC 052599 TRM 
Mean GC 060299 TRM 
Mean GC 061099 TRM 
Mean GC 062399 TRM 
Mean GC 071599 TRM 
Mean GC 090199 TRM
Ag AI Ba Be Ca Cd Co Cr Cu Fe K Li
0.002 0.007 0.0002 0.0001 0.07 0.001 0.0008 0.002 0.002 0.005 0.1 0.002
BPQL 0.342 0.0524 BPQL 71.79 BPQL BPQL 0.006 0.024 0.510 3.3 0.012
BPQL 0.360 0.0525 BPQL 71.78 BPQL BPQL 0.004 0.026 0.520 3.3 0.012
BPQL 0.578 0.0560 0.0001 69.28 BPQL BPQL BPQL 0.032 0.734 3.2 0.012
BPQL 1.040 0.0605 0.0002 66.60 BPQL BPQL BPQL 0.059 1.260 3.6 0013
BPQL 0.598 0.0524 BPQL 68.82 BPQL BPQL BPQL 0.039 0.803 3.4 0.012
BPQL 0.316 0.0472 BPQL 61.35 BPQL BPQL BPQL 0.023 0.428 3.6 0.011
BPQL 0.374 0.0452 BPQL 59.28 BPQL BPQL BPQL 0.025 0.486 3.4 0.010
BPQL 1.564 0.0564 0.0002 45.02 BPQL 0.0009 BPQL 0.079 1.670 3.4 0.010
0.002 1.645 0.0512 0.0003 36.38 BPQL 0.0012 0.004 0.106 1.998 2.8 0 008
BPQL 1.003 0.0429 0.0001 44.04 BPQL BPQL BPQL 0.068 1.223 2.9 0.008
0.003 1.075 0.0393 0.0002 29.72 BPQL BPQL 0.004 0.068 1.299 1.9 0.006
BPQL 0.051 0.0472 BPQL 5Z85 BPQL BPQL BPQL 0.012 0.074 2.7 0.008
BPQL 0.139 0.0599 BPQL 65.60 BPQL BPQL BPQL 0.015 0.182 3.6 0010
BPQL 0.375 0.0486 BPQL 64.03 BPQL BPQL 0.002 0.023 0.491 3.2 0.014
BPQL 0.234 0.0450 BPQL , 63.79 BPQL BPQL BPQL 0.018 0.325 3.0 0 014
BPQL 0.334 0.0473 BPQL 63.83 BPQL BPQL BPQL 0.018 0.396 3.1 0 014
0.003 3.789 0.0853 0.0006 48.29 0.001 0.0019 0.003 0.072 3.745 4.7 0.013
BPQL 0.277 0.0443 BPQL 58.02 BPQL BPQL BPQL 0.016 0.343 3.0 0.013
BPQL 0.531 0.0434 BPQL 50.19 BPQL BPQL BPQL 0.018 0.562 2.9 0.011
BPQL 0.503 0.0423 BPQL 48.58 BPQL BPQL BPQL 0.019 0.539 2.9 0.010
BPQL 1.855 0.0553 0.0003 36.97 BPQL 0.0009 BPQL 0.057 1.846 2.8 0 008
BPQL 1.537 0.0471 0.0002 34.18 BPQL 0.0011 BPQL 0.054 1.668 2.5 0.007
BPQL 1.021 0.0428 0.0002 41.11 BPQL BPQL BPQL 0.043 1.134 2.6 0.007
BPQL 0.781 0.0387 0.0001 39.89 BPQL BPQL BPQL 0.045 0.894 2.2 0 008
BPQL 0.037 0.0425 BPQL 56.72 BPQL BPQL BPQL 0.007 0.054 3.0 0 011
BPQL 0.297 0.0517 BPQL 61.36 BPQL BPQL BPQL 0.017 0.339 3.7 0.013
LA
Summary of ICAPES data for 1999 temporal sampling events - total recoverable metals (cont.)
Sample Name
Practical Quantifiable Limit (mg/L)
Clark Fork at Deer Lodge (CF-4) 
Mean DL 011999 TRM 
Mean DL 021899 TRM 
Mean DL 030999 TRM 
Mean DL 032199 TRM 
Mean DL 041199 TRM 
Mean DL 042599 TRM 
Mean DL 051799 TRM 
Mean DL 052599 TRM 
Mean DL 060299 TRM 
Mean DL 061099 TRM 
Mean DL 062399 TRM 
Mean DL 071599 TRM 
Mean DL 090199 TRM
Clark Fork at Gold Creek (CF-6) 
Mean GC 011999 TRM 
Mean GC 021899 TRM 
Mean GC 030999 TRM 
Mean GC 032199 TRM 
Mean GC 041199 TRM 
Mean GC 042599 TRM 
Mean GC 051799 TRM 
Mean GC 052599 TRM 
Mean GC 060299 TRM 
Mean GC 061099 TRM 
Mean GC 062399 TRM 
Mean GC 071599 TRM 
Mean GC 090199 TRM
Mg Mn Mo Na Ni P Pb S Si Sr Ti V Zn
0.05 0.0003 0.002 0.18 0.001 0.01 0.02 0.007 0.02 0.0003 0.002 0.003 0.0003
15.36 0.0986 0.005 14.38 0.001 0.05 BPQL 32.308 11.09 0.2942 0.016 BPQL 0.0328
14.96 0.1149 0.004 14.28 0.002 0.60 BPQL 32.625 10.60 0.2858 0.016 BPQL 0 0340
14.89 0.1296 0.004 13.79 0.001 0.81 BPQL 31.508 11.40 0.2884 0.022 BPQL 0.0408
14.90 0.2009 0.004 14.75 0.001 0.77 BPQL 32.395 12.37 0.2846 0.042 0.004 0.0601
14.79 0.1542 0.004 14.94 0.001 0.75 BPQL 33.208 11.76 0.2783 0.024 0.003 0.0432
13.36 0.0943 0.005 15.31 0.001 0.78 BPQL 31.248 9.10 0.2589 0.012 BPQL 0.0258
12.87 0.1166 0.004 14.65 0.001 0.74 BPQL 29.383 7.91 0.2474 0.015 BPQL 0.0282
9.79 0.2930 0.004 12.49 0.002 0.72 BPQL 21.530 12.14 0.1993 0.061 0.005 0.0752
8.17 0.2613 0.004 9.86 0.002 0.49 BPQL 16.540 12.26 0.1644 0.070 0.005 0.0919
9.50 0.1701 0.004 11.47 0.001 0.76 BPQL 19.238 11.45 0.1950 0.043 0.004 0.0615
6.51 0.1603 0.004 6.70 0 001 0.09 BPQL 10.823 10.11 0.1348 0.049 0.004 0.0573
10.63 0.0352 0.004 12.60 BPQL 0.20 BPQL 19.658 10.74 0.2320 BPQL BPQL 0.0097
13.57 0.0542 0.005 15.93 BPQL 0.03 BPQL 26.358 13.49 0.2928 0.005 BPQL 0.0161
13.50 0.0850 0.004 12 50 BPQL BPQL BPQL 25.605 11.70 0.2941 0 015 BPQL 0.0303
13.13 0.0685 0.004 12.16 , BPQL 0.42 BPQL 25.320 10.21 0.2761 0 009 BPQL 0 0214
13.16 0.0735 0.003 12 14 BPQL 0.79 BPQL 25.095 10.41 0.2809 0 012 BPQL 0.0251
10.69 0.3071 0.003 9.40 0.003 0.94 0.02 16.518 18.17 0.2281 0 114 0.009 0 0947
12.43 0.0634 0.003 12.20 BPQL 0.85 BPQL 22.525 10.86 0 2725 0 009 BPQL 0 0201
10.68 0.0707 0.003 11 00 BPQL 0.65 BPQL 19.823 9.58 0.2392 0 015 BPQL 0.0213
10.32 0.0764 0.003 10 57 0.001 0.71 BPQL 18.515 9.96 0.2352 0 016 BPQL 0 0222
7.90 0.1940 0.002 8.15 0.002 0.80 BPQL 12.150 13.82 0 1844 0 056 0.005 0 0670
6.72 0.1692 0.003 6.67 0 002 0.68 BPQL 9.980 13.28 0.1633 0 054 0.004 0 0569
7.94 0.1093 0.003 8 02 0.001 0.71 BPQL 11 888 12.77 0.1959 0 037 0.003 0.0462
7.48 0.0987 0.004 7 15 0.001 0.09 BPQL 10.271 12.04 0.1913 0 031 0.003 0.0412
10.73 0.0114 0.004 11 90 BPQL 0.35 BPQL 15 125 12.86 0 2769 BPQL BPQL 0 0046
11.84 0.0901 0.004 13.80 BPQL 0 07 BPQL 18.885 14.00 0 3018 0 010 BPQL 0 0219
ON
Summary of ICAPES data for 1999 temporal sampling events - total recoverable metals
Sample Name Ag AI Ba Be Ca Cd Co Cr Cu Fe K Li
Practical Quantifiable Limit (mgÆ) 0.002 0.007 0.0002 0.0001 0.07 0.001 0.0008 0.002 0.002 0.005 0.1 0.002
Flint Creek (FC)
Mean FC 011999 TRM BPQL 0.269 0.0932 BPQL 40.79 BPQL BPQL BPQL BPQL 0.308 2.7 0.004
Mean FC 021899 TRM BPQL 0.139 0.0851 BPQL 40.01 BPQL BPQL BPQL BPQL 0.168 2.7 0.004
Mean FC 030999 TRM BPQL 0.395 0.0932 BPQL 40.76 BPQL BPQL BPQL 0.003 0.404 2.8 0.004
Mean FC 032199 TRM 0.002 1.522 0.1260 0.0002 34.91 BPQL BPQL BPQL 0.007 1.567 4.2 0.004
Mean FC 041199 TRM BPQL 0.687 0.0947 0.0001 35.90 BPQL BPQL BPQL 0.003 0.645 2.5 0.004
Mean FC 042599 TRM BPQL 1.741 0.1193 0.0002 26.60 BPQL BPQL BPQL 0.009 1.600 2.4 0.004
Mean FC 051799 TRM BPQL 0.335 0.1003 BPQL 37.99 BPQL BPQL BPQL 0.002 0.300 2.7 0.003
Mean FC 052599 TRM 0.004 3.662 0.1712 0.0005 23.43 0.001 0.0017 0.002 0.015 3.358 2.3 0.004
Mean FC 060299 TRM BPQL 0.956 0.1022 0 0001 24.20 BPQL BPQL BPQL 0.006 1.033 2.1 0.002
Mean FC 061099 TRM BPQL 0.859 0.1043 0.0001 33.59 BPQL BPQL BPQL 0.005 0.895 2.5 0.003
Mean FC 062399 TRM BPQL 0.460 0.0989 BPQL 35.75 BPQL BPQL BPQL 0.003 0.510 2.6 0.003
Mean FC 071599 TRM BPQL 0.068 0.1354 BPQL 58.57 BPQL BPQL BPQL BPQL 0.091 4.4 0.005
Mean FC 090199 TRM BPQL 0.194 0.1496 BPQL 59.87 BPQL BPQL BPQL BPQL 0 222 5.3 0.005
Clark Fork at Bear Mouth (CF-9)
Mean BM 012199 TRM BPQL 0.420 0.0646 BPQL 63 19 BPQL BPQL 0.007 0.019 0 527 3.2 0.013
Mean BM 021999 TRM BPQL 0.367 0.0621 BPQL 64.45 BPQL BPQL 0.003 0.016 0.423 3.2 0.014
Mean BM 030999 TRM BPQL 0.407 0.0636 BPQL 64.60 BPQL BPQL BPQL 0.016 0.428 3.3 0.014
Mean BM 032199 TRM 0.004 5.444 0.1326 0.0007 56.13 0.002 0.0027 0.005 0.141 5.024 4.8 0.015
Mean BM 041199 TRM BPQL 0.366 0.0595 BPQL 56.69 BPQL BPQL BPQL 0.013 0.388 3 0 0.012
Mean BM 042599 TRM BPQL 1.014 0.0705 0.0001 48.73 BPQL BPQL BPQL 0.024 0 982 2.9 0.010
Mean BM 051799 TRM BPQL 0.464 0.0579 BPQL 52 58 BPQL BPQL BPQL 0.017 0 460 3.0 0.010
Mean BM 052599 TRM BPQL 2.745 0.0917 0.0004 43.35 0.001 0.0014 0.002 0.079 2.628 3 2 0.009
Mean BM 060299 TRM 0.002 2.703 0.0867 0.0004 38.07 0.001 0.0017 BPQL 0.104 2.793 2.9 0.008
Mean BM 061099 TRM BPQL 1.882 0.0770 0.0002 43.60 BPQL 0.0013 BPQL 0.069 1.990 3.0 0.008
Mean BM 062399 TRM BPQL 1.035 0.0598 0.0001 43.23 BPQL BPQL BPQL 0.045 1 127 2.7 0.009
Mean BM 071599 TRM BPQL 0.056 0.0593 BPQL 69.85 BPQL BPQL 0.005 0.009 0 087 3.8 0.013
Mean BM 090199 TRM BPQL 0.198 0.0720 BPQL 72.35 BPQL BPQL BPQL 0.010 0 215 4 6 0 014
Summary of ICAPES data for 1999 temporal sampling events - total recoverable metals (cont.)
Sample Name Mg Mn Mo Na Ni P Pb S Si Sr Ti V Zn
Practical Quantifiable Limit (mg/L) 0.05 0.0003 0.002 0.18 0.001 0.01 0.02 0.007 0.02 0.0003 0.002 0 003 0.0003
Flint Creek (FC)
Mean FC 011999 TRM 12.31 0 0767 0.002 6.31 BPQL BPQL BPQL 5.797 11.54 0.1276 0.008 BPQL 0 0129
Mean FC 021899 TRM 12 03 0.0418 BPQL 6.24 BPQL 0.46 BPQL 5.733 10.43 0.1230 0.004 BPQL 0 0070
Mean FC 030999 TRM 12 12 0.0786 0.002 6.37 BPQL 0.80 BPQL 5.953 10.89 0.1257 0.012 BPQL 0.0154
Mean FC 032199 TRM 10.92 0.2911 BPQL 6.10 0.001 0.77 0.02 4.665 12.89 0.1097 0.046 0.004 0.0530
Mean FC 041199 TRM 11.06 0.0955 BPQL 6.16 BPQL 0.73 BPQL 5.039 11.27 0.1111 0.018 BPQL 0.0185
Mean FC 042599 TRM 8.80 0.2174 BPQL 5.19 0.007 077 BPQL 4 010 13.71 0.0891 0.044 0.003 0 0374
Mean FC 051799 TRM 11.00 0.0498 BPQL 6.67 BPQL 0.67 BPQL 5.054 10.74 0.1173 0.009 BPQL 0 0067
Mean FC 052599 TRM 6.89 0.6280 BPQL 3.57 0.003 0.87 0.05 2.579 16.29 0.0842 0.101 0.007 0.1130
Mean FC 060299 TRM 7.04 0 2644 BPQL 3.66 BPQL 0.63 BPQL 2.625 10.34 0.0824 0.029 BPQL 0 0429
Mean FC 061099 TRM 9.29 0.1926 BPQL 4.98 BPQL 0.74 BPQL 3.708 11.42 0.1073 0.026 BPQL 0.0331
Mean FC 062399 TRM 9.54 0 1279 0.002 5.69 BPQL 0.08 BPQL 3.813 11.27 0.1286 0.015 BPQL 0.0218
Mean FC 071599 TRM 15.82 0 0753 0.003 11.30 BPQL 0.07 BPQL 7.173 14.91 0.2235 0 003 BPQL 0 0055
Mean FC 090199 TRM 17.00 0 0826 0.003 12.24 BPQL 0.10 BPQL 8529 1674 0.2419 0.006 BPQL 0 0066
Clark Fork at Bear Mouth (CF-9)
Mean BM 012199 TRM 15.20 0.0892 0.003 11.33 BPQL BPQL BPQL 25 340 11 69 0.3226 0 014 BPQL 0 0311
Mean BM 021999 TRM 15.20 0 0725 0.003 11.33 0.002 0.70 BPQL 25 920 10.56 0.3228 0.013 BPQL 0 0280
Mean BM 030999 TRM 15.23 0 0709 0.003 11.31 0.001 0.79 BPQL 25.043 10.66 0.3191 0.013 BPQL 0 0268
Mean BM 032199 TRM 13 49 0 4674 0 003 10.77 0.005 1.00 0 04 18 927 22.01 0.2810 0.153 0 012 0 2199
Mean BM 041199 TRM 13.90 0 0538 0 003 10.95 BPQL 0.73 BPQL 22.203 10.52 0 2938 0.012 BPQL 0 0222
Mean BM 042599 TRM 11.85 0.1128 0.003 9.57 0.006 0.84 BPQL 18.498 11.32 0 2495 0.028 BPQL 0 0399
Mean BM 051799 TRM 12.53 0 0663 0.003 10 51 BPQL 0.76 BPQL 20 895 10.01 0.2847 0.014 BPQL 0 0229
Mean BM 052599 TRM 10.06 0 3096 0 003 8.38 0.003 0.83 0 02 15.140 16.24 0.2277 0.081 0 006 0 1140
Mean BM 060299 TRM 8.79 0.3079 0.003 7.45 0.003 0.74 0.02 11 795 16 06 0.1955 0.086 0.006 0.1495
Mean BM 061099 TRM 10.24 0 1994 0.003 8.88 0.002 0.82 BPQL 13.428 14.97 0,2264 0 061 0 005 0 0985
Mean BM 062399 TRM 10.03 0 1186 0.003 8.26 0.001 0.10 BPQL 13 398 12.46 0.2312 0.035 0 003 0 0544
Mean BM 071599 TRM 15 68 0 0203 0.004 13.56 BPQL 0 04 BPQL 26 360 12.75 0 4022 BPQL BPQL 0 0080
Mean BM 090199 TRM 17.60 0 0513 0.004 15.43 BPQL 0.06 BPQL 27.935 13.03 04251 0.006 BPQL 0 0139
OO
Summary of ICAPES data for 1999 temporal sampling events - total recoverable metals
Sample Name Ag AI Ba Be Ca Cd Co Cr Cu Fe K Li
Practical Quantifiable Limit (mg/L) 0.002 0.007 0.0002 0.0001 0.07 0:001 0.0008 0.002 0.002 0.005 0.1 0.002
Rock Creek (RC)
Mean RC 012199 TRM BPQL 0.044 0.0961 BPQL 15.81 BPQL BPQL BPQL BPQL 0.063 1.1 0.002
Mean RC 021999 TRM BPQL 0.021 0.0941 BPQL 16.39 BPQL BPQL 0.009 BPQL 0.061 1.1 0.003
Mean RC 031099 TRM BPQL 0.048 0.0989 BPQL 16.35 BPQL BPQL BPQL BPQL 0.048 1.2 0.003
Mean RC 032199 TRM BPQL 0.344 0.0965 BPQL 13.89 BPQL BPQL BPQL BPQL 0.323 1.5 0.002
Mean RC 041199 TRM BPQL 0.110 0.0952 BPQL 15.02 BPQL BPQL BPQL BPQL 0.094 1.2 0.002
Mean RC 042699 TRM BPQL 0.405 0.0801 BPQL 10.58 BPQL BPQL BPQL BPQL 0.353 1.1 BPQL
Mean RC 051899 TRM BPQL 0,185 0.0746 BPQL 10.25 BPQL BPQL BPQL BPQL 0,170 1.1 BPQL
Mean RC 052599 TRM BPQL 1.754 0.0913 0.0003 6.82 BPQL 0.0010 BPQL 0.002 1.742 1.3 0.002
Mean RC 060299 TRM BPQL 0.466 0.0592 BPQL 6.82 BPQL BPQL BPQL BPQL 0.446 0.9 BPQL
Mean RC 061099 TRM BPQL 0.280 0.0607 BPQL 8.24 BPQL BPQL BPQL BPQL 0.255 0.9 BPQL
Mean RC 062399 TRM BPQL 0.210 0.0646 BPQL 9.32 BPQL BPQL BPQL BPQL 0.215 0.8 BPQL
Mean RC 071599 TRM BPQL 0.083 0.0859 BPQL 13^8 BPQL BPQL 0.005 BPQL 0.113 1.1 BPQL
Mean RC 090199 TRM BPQL 0.053 0.1044 BPQL 17.13 BPQL BPQL BPQL BPQL 0.070 1.3 0.002
Clark Fork at Turah Bridge (CF-11)
Mean TB 012199 TRM BPQL 0 222 0.0761 BPQL 51.61 BPQL BPQL BPQL BPQL 0.276 2.6 0.010
Mean TB 021999 TRM BPQL 0.142 0.0726 BPQL 51.72 BPQL BPQL 0.002 0.008 0.174 2.6 0.011
Mean TB 030999 TRM BPQL 0.314 0.0763 BPQL 50.49 BPQL BPQL BPQL 0.012 0.322 2.7 0.011
Mean TB 032299 TRM 0.003 2.883 0.1156 0.0004 39.36 0.001 0.0014 0.002 0.065 2.792 3.5 0.010
Mean TB 041199 TRM BPQL 0.297 0.0751 BPQL 44.24 BPQL BPQL BPQL 0.009 0.294 2.5 0.008
Mean TB 042699 TRM BPQL 0.673 0.0775 0.0001 30.14 BPQL BPQL BPQL 0.013 0.633 2.0 0 006
Mean TB 051899 TRM BPQL 0.319 0.0728 BPQL 34.26 BPQL BPQL BPQL 0.009 0.300 2.0 0 006
Mean TB 052599 TRM BPQL 2.771 0 1100 0.0004 20.28 0.001 0 0017 0.003 0.058 2.738 2.1 0.005
Mean TB 060299 TRM BPQL 1.726 0.0805 0.0003 20.07 BPQL 0.0011 BPQL 0.050 1.811 1.9 0.005
Mean TB 061099 TRM BPQL 1.043 0.0711 0.0001 25.01 BPQL BPQL BPQL 0.032 1.088 1.9 0.005
Mean TB 062399 TRM BPQL 0.540 0.0657 BPQL 24.37 BPQL BPQL BPQL 0.019 0.568 1.7 0.005
Mean TB 071599 TRM BPQL 0 071 0.0785 BPQL 36.30 BPQL BPQL BPQL 0.004 0.083 2 1 0 006
Mean TB 090199 TRM BPQL 0.103 0.0881 BPQL 46.31 BPQL BPQL BPQL 0.005 0.115 2.9 0.008
Summary of ICAPES data for 1999 temporal sampling events - total recoverable metals (cont.)
Sample Name Mg Mn Mo Na Ni P Pb S Si Sr Ti V Zn
Practical Quantifiable Limit (mg/L) 0.05 0.0003 0.002 0.18 0.001 0.01 0.02 0.007 0.02 0.0003 0.002 0.003 0.0003
Rock Creek (RC)
Mean RC 012199 TRM 5.83 0 0015 BPQL 2.54 BPQL 0.02 BPQL 1.664 6.43 0.0383 BPQL BPQL 0.0045
Mean RC 021999 TRM 5.83 0.0015 BPQL 2.68 0.002 0.43 BPQL 1.688 6.14 0.0373 BPQL BPQL 0.0021
Mean RC 031099 TRM 5.86 0.0022 BPQL 2.64 BPQL 0 79 BPQL 1.685 6.42 0.0382 BPQL BPQL 0.0023
Mean RC 032199 TRM 5.09 0.0102 BPQL 2.48 BPQL 0.63 BPQL 1.537 7 10 0.0344 0.010 BPQL 0.0029
Mean RC 041199 TRM 5.43 0.0028 BPQL 2.79 BPQL 0.76 BPQL 1.641 6.56 0.0373 0 003 BPQL 0.0050
Mean RC 042699 TRM 3.73 0.0101 BPQL 2.20 BPQL 0.74 BPQL 1.201 7.09 0.0275 0.011 BPQL 0.0028
Mean RC 051899 TRM 3.54 0.0062 BPQL 2.31 BPQL 0.71 BPQL 1.106 6.59 0.0271 0.006 BPQL 0.0022
Mean RC 052599 TRM 2.50 0.0724 BPQL 1.62 0.002 0.80 BPQL 0.796 9.44 0.0198 0.061 0.003 0 0066
Mean RC 060299 TRM 2.29 0.0153 BPQL 1.37 BPQL 0.55 BPQL 0.677 6.28 0.0183 0.016 BPQL 0.0030
Mean RC 061099 TRM 2.67 0.0096 BPQL 1.59 BPQL 0.73 BPQL 0.775 6.36 0.0204 0.009 BPQL 0.0028
Mean RC 062399 TRM 3.05 0.0081 BPQL 1 29 BPQL 0.03 BPQL 0.695 5.60 0.0219 0.007 BPQL 0 0024
Mean RC 071599 TRM 4.42 0.0047 BPQL 2.08 BPQL 0.03 BPQL 0.984 6.04 0.0306 0.004 BPQL 0 0015
Mean RC 090199 TRM 5.77 0.0057 BPQL 2.86 BPQL 0.03 BPQL 1.367 5 87 0.0395 BPQL BPQL 0 0045
Clark Fork at Turah Bridge (CF-11 )
Mean TB 012199 TRM 12.88 0.0488 BPQL 8.63 BPQL 0.04 BPQL 18.835 9.83 0 2470 BPQL BPQL 0.0196
Mean TB 021999 TRM 13.07 0.0307 0.003 8.60 0.002 0 66 BPQL 19.478 8.91 0 2487 0 005 BPQL 0.0152
Mean TB 030999 TRM 12.82 0.0477 0.002 8 57 BPQL 0.81 BPQL 18.660 9.38 0 2435 0 010 BPQL 0 0206
Mean TB 032299 TRM 10.30 0.2598 0.002 7.22 0.003 0.84 BPQL 12.218 15.36 0.1865 0 084 0.006 0.1089
Mean TB 041199 TRM 11.31 0.0358 0.002 8 17 BPQL 0 81 BPQL 15.730 9 13 0.2104 0 009 BPQL 0 0170
Mean TB 042699 TRM 8.32 0.0553 BPQL 5 84 0.001 0.80 BPQL 10.310 9.06 0 1456 0 019 BPQL 0.0224
Mean TB 051899 TRM 8.59 0 0359 BPQL 6.44 BPQL 0.78 BPQL 11.283 8.24 0.1625 0 009 BPQL 0.0138
Mean TB 052599 TRM 5.73 0.2359 BPQL 3 92 0 003 0.87 BPQL 5.739 13 83 0 0976 0 086 0.006 0 1050
Mean TB 060299 TRM 5.50 0.1658 BPQL 4.00 0.002 0.47 BPQL 5.525 11.59 0 0969 0 055 0 004 0 0770
Mean TB 061099 TRM 6.59 0.0990 BPQL 5 09 0.001 0.69 BPQL 7.011 10.61 0 1204 0 035 0 003 0 0488
Mean TB 062399 TRM 6.49 0.0529 BPQL 4.56 BPQL 0.06 BPQL 6.364 876 0.1175 0 019 BPQL 0.0240
Mean TB 071599 TRM 9.18 0 0108 0.002 6.54 BPQL 0.03 BPQL 10.553 8.57 0 1757 0 003 BPQL 0.0064
Mean TB 090199 TRM 12.23 0.0231 0,003 9.31 BPQL 0.04 BPQL 15.488 870 0.2423 0 003 BPQL 0.0103
OO
o
Summary of ICAPES quality control for 1999 temporal sampling events - total recoverable metals
Externat standards USGS T-143 and USGS T-145
Summary of USGS Standard T-143 m easured on ICAPES 
during sam ple analyses.
(n = 99)
Element Units
Reported 
Mean (Range)*
Measured 
Mean (Std. Dev.)
Measured 
Mean w/in 
Reported 
Range?
Ag mg/L 0.020 (0.003) 0.023 (0.001) Yes
A! mg/L 0.022 (0.017) 0.021 (0.001) Yes
Ba mg/L 0.082 (0.009) 0.072 (0.002) Yes
Be mg/L 0.0085 (0.0013) 0.0079 (0.0002) Yes
Ca mg/L 53.7(4.4) 54.04(1.39) Yes
Cd mg/L 0.019(0.003) 0.017(0.001) Yes
Co mg/L 0.017 (0.002) 0.016 (0.000) Yes
Cr mg/L 0.037 (0.005) 0.033 (0.001) Yes
Cu mg/L 0 022 (0.004) 0.022 (0.000) Yes
Fe mg/L 0.222 (0.028) 0.212(0.005) Yes
K mg/L 2 50 (0.42) 2.48 (0.04) Yes
Li mg/L 0.018 (0.004) 0.017 (0.000) Yes
Mg mg/L 10 4(1 .0) 10.23(0.23) Yes
Mn mg/L 0.018 (0.004) 0.016 (0.000) Yes
Mo mg/L 0.036 (0.009) 0.035(0.001) Yes
Na mg/L 34 0(3.2) 31.57 (0.64) Yes
Ni mg/L 0.071 (0.010) 0.067 (0.002) Yes
Pb mg/L 0 083 (0 014) 0.082 (0.002) Yes
S mg/L Not reported *
Si mg/L 10.94(1 64) 12.92 (0 37) No
Sr mg/L 0.306 (0.030) 0.293 (0 007) Yes
Ti mg/L Not reported *
V mg/L 0 030 (0.006) 0.028 (0.001) Yes
Zn mg/L 0.020 (0.004) 0.018 (0.000) Yes
Summary of USGS Standard T-145 m easured on ICAPES 
during sam ple analyses.
(n = 13)
Element Units
Reported 
Mean (Range)*
Measured 
Mean (Std. Dev.)
Measured 
Mean w/in 
Reported 
Range?
Ag mg/L 0.008 (0.002) 0.009 (0.000) Yes
AI mg/L 0.068(0.012) 0.063 (0 002) Yes
Ba mg/L 0.037 (0.004) 0 033 (0 001) Yes
Be mg/L 0.0090 (0.0014) 0.0084 (0.0002) Yes
Ca mg/L 30.7 (2.6) 28.9 (0 82) Yes
Cd mg/L 0.009 (0.002) 0.009 (0 000) Yes
Co mg/L 0.010(0.002) 0 010 (0 000) Yes
Cr mg/L 0.015 (0.003) 0.014(0 001) Yes
Cu mg/L 0.011 (0.003) 0.010 (0 000) Yes
Fe mg/L 0.101 (0.016) 0 099 (0 002) Yes
K mg/L 2.13(0.32) 2 08 (0 05) Yes
Li mg/L 0.027 (0.005) 0.025(0.000) Yes
Mg mg/L 8.68 (0.9) 8 51 (0 17) Yes
Mn mg/L 0.021 (0.003) 0.018 (0 000) Yes
Mo mg/L 0.009 (0 003) 0 009 (0 000) Yes
Na mg/L 41.2(3  8) 38 1 (0 89) Yes
NI mg/L 0.011 (0.003) 0.011 (0 000) Yes
Pb mg/L 0 013 (0.003) 0 014 (0 001) BPQL
S mg/L Not reported * *
Si mg/L 5.28 (1,32) 6 47(0  19) No
Sr mg/L 0.203 (0.018) 0 198 (0 004) Yes
Ti mg/L Not reported * *
V mg/L 0.012(0.003) 0 011 (0 000) Yes
Zn mg/L 0.010(0.004) 0 008 (0 000) Yes
Reported range is 2 F-pseudosigmas from the mean * Reported range is 2 F-pseudosigmas from the mean
Summary of ICAPES quality control for 1999 temporal sampling events - total recoverable metals
Analytical duplicates and fortified samples
Sum m ary of ICAPES analytical duplicates
(n = 52)
Element
Number of 
dupl. pairs 
above PQL
Mean % 
diff. of 
dupl. pairs
Std. Dev. of mean 
of % difference 
of dupl. pairs
Ag 3 2.8 0.02
A! 52 1.8 0.05
Ba 52 1.6 0.05
Be 19 5.8 0.07
Ca 52 1.4 0.06
Cd 3 6.1 0.05
Co 6 10.2 0.11
Cr 8 9.7 0.10
Cu 38 2.8 0.06
Fe 52 1,2 0.02
K 52 1.4 0.05
Li 48 2.0 0.06
Mg 52 1.5 0.05
Mn 52 1.0 0.02
Mo 35 4.5 0.04
Na 52 2.2 0.06
Ni 21 6.8 0.07
Pb 2 7.3 0.04
S 52 0.9 0.02
Si 52 1.1 0.02
Sr 52 1.7 0.05
Ti 49 2.2 0.05
V 12 6.6 0.11
Zn 52 1,5 0.02
Summary of ICAPES,fortified sam ple recoveries
(n = 59)
Mean std. Dev. of
Spike percent mean percent
Element Units Values recovery recovery
Ag mg/L 0.02 16.4 0.05
AI mg/L 0.5 95.8 0.04
Ba mg/L 0.5 96 6 0.04
Be mg/L 0.1 100 0 0 04
Ca mg/L 20 105.8 0 05
Cd mg/L 0,2 102.8 0.05
Co mg/L 0.2 103.5 0.04
Cr mg/L 0.5 102.9 0.04
Cu mg/L 0.5 96.7 0 04
Fe mg/L 0.5 101.4 0.06
K mg/L 5 96.9 0 02
Li mg/L 0.5 85 0 0.16
Mg mg/L 5 100.5 0.08
Mn mg/L 0.5 101 4 0 05
Mo mg/L 0.2 103.6 0.04
Na mg/L 10 122.1 0 05
Ni mg/L 0.5 103,0 0 04
Pb mg/L 0.5 104 5 0.04
S mg/L 5 103 5 0.06
Si mg/L 5 101.2 0.07
Sr mg/L 0.5 96.4 0 04
Ti mg/L 0.1 97 1 0 04
V mg/L 0.2 97 8 0 04
Zn mg/L _ 0.5 97.2 1 0 04
OOK)
Summary of ICAPES quality control for 1999 temporal sampling events - total recoverable metals
Laboratory blanks and fortified laboratory blanks
Sum m ary o f  laboratory blanks m easured  on ICAPES 
during sam p le  a n a lyses  (n = 89).
Element Units PQL
Number of 
lab blanks 
above PQL
Measured 
Mean (Std.Dev.)
Ag mg/L 0.002 0 -
A! mg/L 0.007 0 -
Ba mg/L 0.0002 0 -
Be mg/L 0.0001 0 -
Ca mg/L 0.07 0 -
Cd mg/L 0.001 0 -
Co mg/L 0.0008 0 -
Cr mg/L 0.002 0 -
Cu mg/L 0.002 0 -
Fe mg/L 0.005 0 -
K mg/L 0.1 0 -
Li mg/L 0.002 0 -
Mg mg/L 0.05 0 -
Mn mg/L 0.0003 0 -
Mo mg/L 0.002 0 -
Na mg/L 0.18 0 -
Ni mg/L 0.001 0 -
Pb mg/L 0.02 0 -
S mg/L 0.007 1 0.010
S i mg/L 0.02 0 -
Sr mg/L 0.0003 0 -
Ti mg/L 0.002 0 -
V mg/L 0.003 0 -
Zn mg/L 0.0003 0 -
Summary of ICAPES fortified laboratory blanks
(n = 11)
Element Units
Spike
Values
Mean
percent
recovery
Std. Dev. of 
mean percent 
recovery
Ag mg/L 0.02 15.9 0.06
A! mg/L 0.5 101.0 0.02
Ba mg/L 0.5 103.2 0.02
Be mg/L 0.1 103.9 0.02
Ca mg/L 20 95.7 0.02
Cd mg/L 0.2 105.0 0.03
Co mg/L 0.2 103.3 0.02
Cr mg/L 0 5 102.4 0.02
Cu mg/L 0.5 101.8 0.02
Fe mg/L 0.5 102.2 0.02
K mg/L 5 100.7 0.01
Li mg/L 0 5 88.8 0 16
Mg mg/L 5 101.9 0.02
Mn mg/L 0.5 101.1 0.03
Mo mg/L 0 2 102.7 0.02
Na mg/L 10 111.2 0.07
Ni mg/L 0.5 104.1 0 02
Pb mg/L 0.5 102.1 0.02
S mg/L 5 94 9 0 02
Si mg/L 5 114.5 0 07
Sr mg/L 0.5 105.3 0.03
Ti mg/L 0 1 103 8 0 03
V mg/L 0,2 104.2 0 03
Zn mg/L 0 5 103,5 0 02
OOw
Summary of digest quality control for 1999 temporal sampling events - total recoverable metals
Digest duplicates
Summary of TRM digest duplicates on ICAPES
(n = 40)
Element
Number of 
dupl. pairs 
above PQL
Mean % 
difference of 
dupl, pairs
Std. Dev. of mean 
of % difference 
of dupl. pairs
Ag 2 12.8 0.02
A! 38 15.2 0.21
Ba 39 2.0 0.02
Be 13 11.7 0.12
Ca 39 1 9 0.02
Cd 3 8.7 0.00
Co 6 7.2 0.06
Cr 8 6 6 6 0.35
Cu 34 4.6 0 08
Fe 39 11.5 0.12
K 39 1 5 0.01
Li 39 6 9 0.07
Mg 39 2.0 0.02
Mn 39 1.8 0.01
Mo 33 5 6 0.05
Na 39 2 9 0.02
Ni 24 21.4 0.26
Pb 3 9.9 0.04
S 40 2 8 0 07
SI 39 2 4 0.02
Sr 39 2 0 0.01
Ti 33 8,4 0.08
V 8 8 6 0 06
Zn 40 10 1 0.14
OO
Summary of digest quality control for 1999 temporal sampling events - total recoverable metals
Digested field and trip blanks
Sum m ary o f  field and  trip b lanks m easu red  on ICAPES during sam ple analyses.
Field Blanks (n = 17) Trip Blanks (n = 13)
Element Units PQL
Number of 
field blanks 
above PQL
Measured 
Mean (Std.Dev.)
Number of 
trip blanks 
above PQL
Measured 
Mean (Std Dev.)
Ag mg/L 0.002 0 - 0
AI mg/L 0.007 3 0.009 (0.002) 1 0.028
Ba mg/L 0.0002 0 - 0
Be mg/L 0.0001 0 - 0
Ca mg/L 0.07 0 - 0 _
Cd mg/L 0.001 0 - 0 _
Co mg/L 0.0008 0 - 0 _
Cr mg/L 0.002 3 0.003 (0.000) 0 -
Cu mg/L 0.002 0 - 0 -
Fe mg/L 0.005 6 0.015(0.008) 4 0.017 (0.012)
K mg/L 0.1 0 - 0 -
Li mg/L 0.002 0 - 0 -
Mg mg/L 0.05 0 - 0 -
Mn mg/L 0.0003 0 - 0 -
Mo mg/L 0.002 0 - 0 -
Na mg/L 0.18 1 0.23 4 0.22 (0.037)
Ni mg/L 0.001 2 0.002 0 -
Pb mg/L 0 02 0 - 0 -
S mg/L 0.007 7 0.017 (0.006) 7 0.024 (0 016)
Si mg/L 0.02 2 0 04 2 0 17
Sr mg/L 0.0003 0 - 0 -
Ti mg/L 0.002 0 - 0 -
V mg/L 0.003 0 - 0 -
Zn mg/L 0.0003 15 0.0020 (0 001) 12 0.0013 (0.0009)
OO
Summary of HGAAS data for 1999 temporal sampling events - dissolved phase (FA; F ilte re d , A c id ified )
As As As
Sample Name (mg/L) Sample Name (mg/L) Sample Name (mg/L)
Method Detection Umit 0.0003 0.0003 0.0003
Clark Fork at Deer Lodge (CF-4) Flint Creek (FC) Rock Creek (RC)
Mean DL 011999 FA 0.0071 Mean FC 011999 FA 0.0061 Mean RC 012199 FA BMDL
Mean DL 021899 FA 0.0077 Mean FC 021899 FA 0.0069 Mean RC 021999 FA 0.0005
Mean DL 030999 FA 0.0067 Mean FC 030999 FA 0.0061 Mean RC 031099 FA 0.0004
Mean DL 032199 FA 0.0099 Mean FC 032199 FA 0.0092 Mean RC 032199 FA 0.0006
Mean DL 041199 FA 0.0092 Mean FC 041199 FA 0.0066 Mean RC 041199 FA 0.0005
Mean DL 042599 FA 0.0120 Mean FC 042599 FA 0.0079 Mean RC 042699 FA 0.0005
Mean DL 051799 FA 0.0133 Mean FC 051799 FA 0.0091 Mean RC 051899 FA 0.0004
Mean DL 052599 FA 0.0191 Mean FC 052599 FA 0.0087 Mean RC 052599 FA 0.0004
Mean DL 060299 FA 0.0155 Mean FC 060299 FA 0.0063 Mean RC 060299 FA 0.0004
Mean DL 061099 FA 0.0174 Mean FC 061099 FA 0.0064 Mean RC 061099 FA 0.0004
Mean DL 062399 FA 0.0134 Mean FC 062399 FA 0.0085 Mean RC 062399 FA 0.0005
Mean DL 071599 FA 0.0148 Mean FC 071599 FA 0.0108 Mean RC 071599 FA 0.0005
Mean DL 090199 FA 0.0153 Mean FC 090199 FA 0.0091 Mean RC 090199 FA 0.0007
OO
OS
Clark Fork at Gold Greek (CF-6) 
Mean GC 011999 FA 0.0066
Mean GC 021899 FA 0.0070
Mean GC 030999 FA 0.0060
Mean GC 032199 FA 0.0074
Mean GC 041199 FA 0.0073
Mean GC 042599 FA 0.0077
Mean GC 051799 FA 0.0095
Mean GC 052599 FA 0.0120
Mean GC 060299 FA 0.0090
Mean GC 061099 FA 0.0090
Mean GC 062399 FA 0.0109
Mean GC 071599 FA 0.0114
Mean GC 090199 FA 0.0111
Clark Fork at Bear Mouth (CF-9) 
Mean BM 012199 FA 0.0073
Mean BM 021999 FA 0.0075
Mean BM 030999 FA 0.0069
Mean BM 032199 FA 0.0094
Mean BM 041199 FA 0.0074
Mean BM 042599 FA 0.0087
Mean BM 051799 FA 0.0096
Mean BM 052599 FA 0.0126
Mean BM 060299 FA 0.0110
Mean BM 061099 FA 0.0104
Mean BM 062399 FA 0.0117
Mean BM 071599 FA 0.0138
Mean BM 090199 FA 0.0124
Clark Fork at Turah Bridge (CF-11)
Mean TB 
Mean TB 
Mean TB 
Mean TB 
Mean TB 
Mean TB 
Mean TB 
Mean TB 
Mean TB 
Mean TB 
Mean TB 
Mean TB 
Mean TB
012199 FA 
021999 FA 
030999 FA 
032299 FA 
041199 FA 
042699 FA 
051899 FA 
052599 FA 
060299 FA 
061099 FA 
062399 FA 
071599 FA 
090199 FA
0.0057
0.0053
0.0052
0.0057
0.0054
0.0045
0,0052
0.0045
0.0050
0.0057
0.0057
0.0055
0.0069
Summary of HGAAS data for 1999 temporal sampling events - total recoverable arsenic
OO
As As As
Sample Name (mg/L) Sample Name (mg/L) Sample Name (mg/L)
Method Detection Umit 0.0003 0.0003 0.0003
Clark Fork at Deer Lodge (CF-4) Flint Creek (FC) Rock Creek (RC)
Mean DL 011999 TRM 0.0221 Mean FC 011999 TRM 0.0192 Mean RC 012199 TRM 0.0024
Mean DL 021899 TRM 0.0188 Mean FC 021899 TRM 0.0150 Mean RC 021999 TRM 0.0010
Mean DL 030999 TRM 0.0223 Mean FC 030999 TRM 0.0240 Mean RC 031099 TRM 0.0010
Mean DL 032199 TRM 0.0324 Mean FC 032199 TRM 0.0592 Mean RC 032199 TRM 0.0015
Mean DL 041199 TRM 0.0282 Mean FC 041199 TRM 0.0212 Mean RC 041199 TRM 0.0011
Mean DL 042599 TRM 0.0265 Mean FC 042599 TRM 0.0420 Mean RC 042699 TRM 0.0013
Mean DL 051799 TRM 0.0316 Mean FC 051799 TRM 0.0201 Mean RC 051899 TRM 0.0013
Mean DL 052599 TRM 0.0646 Mean FC 052599 TRM 0.0854 Mean RC 052599 TRM 0.0032
Mean DL 060299 TRM 0.0544 Mean FC 060299 TRM 0.0380 Mean RC 060299 TRM 0.0015
Mean DL 061099 TRM 0.0516 Mean FC 061099 TRM. 0.0300 Mean RC 061099 TRM 0.0013
Mean DL 062399 TRM 0.0461 Mean FC 062399 TRM 0.0276 Mean RC 062399 TRM 0.0012
Mean DL 071599 TRM 0.0305 Mean FC 071599 TRM 0.0230 Mean RC 071599 TRM 0.0014
Mean DL 090199 TRM 0.0328 Mean FC 090199 TRM 0.0215 Mean RC 090199 TRM 0.0014
Clark Fork at Gold Creek (CF-6) Clark Fork at Bear Mouth (CF-9) Clark Fork at Turah Bridge (CF-11)
Mean GC 011999 TRM 0.0196 Mean BM 012199 TRM 0.0206 Mean TB 012199 TRM 0.0147
Mean GC 021899 TRM 0.0151 Mean BM 021999 TRM 0.0180 Mean TB 021999 TRM 0.0113
Mean GC 030999 TRM 0.0170 Mean BM 030999 TRM 0.0190 Mean TB 030999 TRM 0.0134
Mean GC 032199 TRM 0.0353 Mean BM 032199 TRM 0.0610 Mean TB 032299 TRM 0.0317
Mean GC 041199 TRM 0.0175 Mean BM 041199 TRM 0.0168 Mean TB 041199 TRM 0.0128
Mean GC 042599 TRM 0.0182 Mean BM 042599 TRM 0.0258 Mean TB 042699 TRM 0.0124
Mean GC 051799 TRM 0.0226 Mean BM 051799 TRM 0.0235 Mean TB 051899 TRM 0 0117
Mean GC 052599 TRM 0.0390 Mean BM 052599 TRM 0.0522 Mean TB 052599 TRM 0.0248
Mean GC 060299 TRM 0.0321 Mean BM 060299 TRM 0.0502 Mean TB 060299 TRM 0.0236
Mean GC 061099 TRM 0.0295 Mean BM 061099 TRM 0 0396 Mean TB 061099 TRM 0 0188
Mean GC 062399 TRM 0.0310 Mean BM 062399 TRM 0.0329 Mean TB 062399 TRM 0.0157
Mean GC 071599 TRM 0.0247 Mean BM 071599 TRM 0.0287 Mean TB 071599 TRM 0 0120
Mean GC 090199 TRM 0.0259 Mean BM 090199 TRM 0.0262 Mean TB 090199 TRM 0.0140
Summary of HGAAS quality control for 1999 temporal sampling events -
dissolved phase and total recoverable arsenic
Summary: External standards measured on HGAAS
Concentrations in ^g/L_________
Standard
USGS T143 (n=77) 
USGS T145 (n=79)
Reported Measured Msd values 
value value w/in report
conc. (range mean (std dev range?
15.2 (2.4) 
9.9 (2.1)
17.5 (1.4) 
10.8(0.9)
Yes
Yes
Summary: Lab blanks measured on HGAAS
Total number Number of blanks
of blanks BMDL
52 49
Reported range is 2 F-pseudosigmas from the mean
Note: USGS Standards T143 and T145 were diluted to 10% and 
25%, respectively to remain within the instrument's calibration range.
Summary: HGAAS analytical replicate comparisons
(n = 143 )
Number of Mean % Std. Dev. of mean
replicate pairs difference % difference
above MDL of replicates of replicate pairs
143 5,2 0.11
MDL: Method Detection Limit = 0.3 pg/L
Summary: HGAAS spike recoveries
(n = 98)
Number of Std. Dev
Spike samples Mean % of mean %
value above MDL recovery recovery
1 96 99.4 0.15
Summary: Field & trip blanks measured on HG/\AS
Blank Total number Number of blanks
Type of blanks BMDL
Field Blank (dissolved 16 16
Trip Blank (dissolved) 12 12
Field Blank (TRM) 16 16
Trip Blank (TRM) 11 11
OO
OO
Mean Dissolved Inorganic Carbon for
1998 basinwide sampling event
Sample
Location
Sample 
Collection 
Date
Mean Inorg. 
Carbon 
(mg/L)
Mainstem
CF-1
CF-2
CF-3
CF-4
CF-5
CF-6
CF-7
CF-8
CF-9
CF-10
CF-11
9/4/1998
9/4/1998
9/5/1998
9/5/1998
9/5/1998
9/5/1998
9/6/1998
9/6/1998
9/6/1998
9/6/1998
9/7/1998
24.85
29.41
32.44 
38.32 
38.35
33.45 
79.75 
85.27 
85.83 
81.66 
30.03
Tributaries
SB
WS
LBF
GC
FC
9/4/1998
9/4/1998
9/5/1998
9/5/1998
9/6/1998
24.76
30.91
31.52
44.41
114.5
8 9
Mean Dissolved Inorganic Carbon for 1999 temporal sampling events
Mean Inorg. Mean inorg. Mean Inorg.
VOo
Sample Sample Carbon Sample Sample Carbon Sample Sample Carbon
Location Date (mg/L) Location Date (mg/L) Location Date (mg/L)
Clark Fork at Deer Lodge (CF-4) Flint Creek (FC) Rock Creek (RC)
CF-4 1/19/1999 36.14 FC 1/19/1999 33.99 RC 1/21/1999 16.08
CF-4 3/9/1999 37.72 FC 3/9/1999 35.87 RC 3/10/1999 18.26
CF-4 3/21/1999 36.02 FC 3/21/1999 31.42 RC 3/21/1999 15.09
CF-4 4/11/1999 36.13 FC 4/11/1999 32.29 RC 4/11/1999 15.88
CF-4 4/25/1999 32.99 FC 4/25/1999 25.93 RC 4/26/1999 11.62
CF-4 5/17/1999 31.75 FC 5/17/1999 32.21 RC 5/18/1999 10.99
CF-4 5/25/1999 23.76 FC 5/25/1999 19.23 RC 5/25/1999 5.80
CF-4 6/2/1999 20.60 FC 6/2/1999 23.12 RC 6/2/1999 7.06
CF-4 6/10/1999 25.49 FC 6/10/1999 29.47 RC 6/10/1999 8.07
CF-4 6/23/1999 18.75 FC 6/23/1999 32.02 RC 6/23/1999 9.14
CF-4 7/15/1999 32.43 FC 7/15/1999 51.40 RC 7/15/1999 13.54
CF-4 9/1/1999 38.41 FC 9/1/1999 52.19 RC 9/1/1999 17.50
Clark Fork at Gold Creek (CF-6) Clark Fork at Bearmouth (CF-9) Clark Fork at Turah Bridge (CF-11)
CF-6 1/19/1999 35.47 CF-9 1/21/1999 37.36 CF-11 1/21/1999 31.42
CF-6 3/9/1999 37.69 CF-9 3/9/1999 39.91 CF-11 3/9/1999 33.84
CF-6 3/21/1999 29.25 CF-9 3/21/1999 33.13 CF-11 3/22/1999 27.28
CF-6 4/11/1999 34.68 CF-9 4/11/1999 36.36 CF-11 4/11/1999 29.88
CF-6 4/25/1999 31.05 CF-9 4/25/1999 31.75 CF-11 4/26/1999 23.54
CF-6 5/17/1999 30.37 CF-9 5/17/1999 33.48 CF-11 5/18/1999 24.14
CF-6 5/25/1999 23.06 CF-9 5/25/1999 26.82 CF-11 5/25/1999 13.90
CF-6 6/2/1999 22.79 CF-9 6/2/1999 24.85 CF-11 6/2/1999 15.53
CF-6 6/10/1999 27.28 CF-9 6/10/1999 30.02 CF-11 6/10/1999 19.13
CF-6 6/23/1999 27.20 CF-9 6/23/1999 30.03 CF-11 6/23/1999 18.93
CF-6 7/15/1999 39.27 CF-9 7/15/1999 42.76 CF-11 7/15/1999 25.85
CF-6 9/1/1999 39.97 CF-9 9/1/1999 45.09 CF-11 9/1/1999 32.16
Summary of dissolved total inorganic carbon quality control for
1998 basinwide and 1999 temporal sampling events
Summary; Standard readbacks during analysis
% difference of mean
Standard Number of Mean from known
Concentration readbacks (n) value (mg/L) concentration
1998 basinwide sampling
10 mg/L 9 10.73 7.3%
20 mg/L 9 20.36 1.8%
50 mg/L 9 50.50 1.0%
100 mg/L 6 98.82 1.2%
1999 temporal sampling
10 mg/L 50 9.91 0.9%
50 mg/L 49 50.20 0.4%
100 mg/L 48 99.21 0.8%
Summary: Laboratory, field, and trip  blanks
Blank type Number of Number of
blanks (n) blanks BMDL
1998 basinwide sampling
Trip Blank 4 4
1999 temporal sampling
Trip Blank 13 13
Field Blank 14 14
Laboratory Blank 47 47
Method Detection Limit =10 mg/L
Summary: Analytical replicate comparisons
Number of Mean % Std. Dev. Of mean
analytical difference % difference
replicates of replicate pairs
1998 basinwide sampling
7 0.9 0.013
1999 temporal sampling
41 0.6 0.007
VO
Appendix II: Streamflow and Field Data for the 1998 Basinwide 
and 1999 Temporal Sampling Events
92
Mean daily discharge (liters/second) for 1999 temporal sampling sites; January - September 1999
Data collected by United States Geological Survey gaging stations; sampling dates highlighted.
Clark Fork a t Clark Fork a t Flint C reek near Clark Fork near Rock Creek near Clark Fork at
D eer L odge (CF-4) G old C reek (CF-6) D rum m ond (FC) D rum m ond (CF-9) Clinton (RC) Turah (CF-11)
D ate Us Date Us Date U s Date U s Date U s Date U s
1/1/1999 7363 1/1/1999 11328 1/1/1999 4390 1/1/1999 18408 1/1/1999 6995 1/1/1999 28603
1/2/1999 7335 1/2/1999 11045 1/2/1999 4248 1/2/1999 17558 1/2/1999 6542 1/2/1999 27272
1/3/1999 6514 1/3/1999 10762 1/3/1999 4163 1/3/1999 16539 1/3/1999 5919 1/3/1999 26139
1/4/1999 6853 1/4/1999 10762 1/4/1999 4248 1/4/1999 16765 1/4/1999 6032 1/4/1999 24072
1/5/1999 7165 1/5/1999 11328 1/5/1999 4361 1/5/1999 18068 1/5/1999 6514 1/5/1999 26564
1/6/1999 7363 1/6/1999 12178 1/6/1999 4333 1/6/1999 19116 1/6/1999 6825 1/6/1999 28207
1/7/1999 7250 1/7/1999 11894 1/7/1999 4191 1/7/1999 19201 1/7/1999 6768 1/7/1999 28886
1/8/1999 7023 1/8/1999 11328 1/8/1999 4078 1/8/1999 18408 1/8/1999 6485 1/8/1999 28037
1/9/1999 6995 1/9/1999 11328 1/9/1999 4021 1/9/1999 18210 1/9/1999 6372 1/9/1999 27159
1/10/1999 7108 1/10/1999 11328 1/10/1999 4106 ' 1/10/1999 18238 1/10/1999 6344 1/10/1999 27102
1/11/1999 7533 1/11/1999 12687 1/11/1999 4475 1/11/1999 20305 1/11/1999 6627 1/11/1999 28603
1/12/1999 7476 1/12/1999 11951 1/12/1999 4248 1/12/1999 20560 1/12/1999 6768 1/12/1999 30586
1/13/1999 7278 1/13/1999 11016 1/13/1999 4021 1/13/1999 18720 1/13/1999 6400 1/13/1999 28886
1/14/1999 7222 1/14/1999 10790 1/14/1999 3965 1/14/1999 17955 1/14/1999 6259 1/14/1999 27272
1/15/1999 7533 1/15/1999 12036 1/15/1999 4191 1/15/1999 18918 1/15/1999 6740 1/15/1999 28320
1/16/1999 7278 1/16/1999 11526 1/16/1999 3965 1/16/1999 18720 1/16/1999 6627 1/16/1999 29453
1/17/1999 7023 1/17/1999 10847 1/17/1999 3965 1/17/1999 17587 1/17/1999 6287 1/17/1999 27527
1/18/1999 7052 1/18/1999 10705 1/18/1999 3908 1/18/1999 17247 1/18/1999 6315 1/18/1999 26621
1/19/1999 7137 1/19/1999 10592 1/19/1999 3880 1/19/1999 17049 1/19/1999 6287 1/19/1999 26253
1/20/1999 7137 1/20/1999 10620 1/20/1999 3823 1/20/1999 16850 1/20/1999 6259 1/20/1999 25913
1/21/1999 7108 1/21/1999 10507 1/21/1999 3823 1/21/1999 16822 1/21/1999 6089 1/21/1999 25686
1/22/1999 6938 1/22/1999 10422 1/22/1999 3738 1/22/1999 16624 1/22/1999 5891 1/22/1999 25063
1/23/1999 6825 1/23/1999 10139 1/23/1999 3738 1/23/1999 16284 1/23/1999 5834 1/23/1999 24072
1/24/1999 6684 1/24/1999 9006 1/24/1999 3398 1/24/1999 14925 1/24/1999 5126 1/24/1999 21240
1/25/1999 6514 1/25/1999 8694 1/25/1999 3342 1/25/1999 14075 1/25/1999 4191 1/25/1999 19824
1/26/1999 6712 1/26/1999 9516 1/26/1999 3455 1/26/1999 14330 1/26/1999 4333 1/26/1999 21240
1/27/1999 6740 1/27/1999 10365 1/27/1999 3540 1/27/1999 14556 1/27/1999 5522 1/27/1999 23194
g
Clark Fork a t Clark Fork a t Flint Creek n ear Clark Fork near Rock C reek near Clark Fork a t
D eer L odge (CF-4) G old C reek (CF-6) D rum m ond (FC) D rum m ond (CF-9) Clinton (RC) Turah (CF-11)
Date U s Date U s Date U s Date U s Date U s Date U s
1/28/1999 7080 1/28/1999 9912 1/28/1999 3597 1/28/1999 14670 1/28/1999 5381 1/28/1999 21608
1/29/1999 6853 1/29/1999 10252 1/29/1999 3682 1/29/1999 15406 1/29/1999 5494 1/29/1999 22486
1/30/1999 7108 1/30/1999 10875 1/30/1999 3795 1/30/1999 15349 1/30/1999 5296 1/30/1999 22231
1/31/1999 6627 1/31/1999 11186 1/31/1999 3738 1/31/1999 15604 1/31/1999 5522 1/31/1999 22854
2/1/1999 6230 2/1/1999 10337 2/1/1999 3682 2/1/1999 15689 2/1/1999 5834 2/1/1999 22656
2/2/1999 6230 2/2/1999 9742 2/2/1999 3682 2/2/1999 15293 2/2/1999 5721 2/2/1999 22854
2/3/1999 7023 2/3/1999 10224 2/3/1999 3738 2/3/1999 15349 2/3/1999 5806 2/3/1999 22826
2/4/1999 6429 2/4/1999 10025 2/4/1999 3738 2/4/1999 15831 2/4/1999 5664 2/4/1999 23137
2/5/1999 6627 2/5/1999 9742 2/5/1999 3682 2/5/1999 15264 2/5/1999 5437 2/5/1999 22543
2/6/1999 6372 2/6/1999 9714 2/6/1999 3682 2/6/1999 15746 2/6/1999 5352 2/6/1999 22486
2/7/1999 6542 2/7/1999 10054 2/7/1999 3767 2/7/1999 15972 2/7/1999 5862 2/7/1999 23166
2/8/1999 6514 2/8/1999 9969 2/8/1999 3625 2/8/1999 15774 2/8/1999 5664 2/8/1999 23137
2/9/1999 6853 2/9/1999 10110 2/9/1999 3540 . 2/9/1999 15944 2/9/1999 5551 2/9/1999 22996
2/10/1999 7023 2/10/1999 10280 2/10/1999 3483 2/10/1999 15774 2/10/1999 5579 2/10/1999 21240
2/11/1999 6684 2/11/1999 9940 2/11/1999 3398 2/11/1999 14925 2/11/1999 5098 2/11/1999 19824
2/12/1999 6967 2/12/1999 9884 2/12/1999 3540 2/12/1999 14217 2/12/1999 4701 2/12/1999 20022
2/13/1999 7420 2/13/1999 10903 2/13/1999 3965 2/13/1999 15095 2/13/1999 4984 2/13/1999 20532
2/14/1999 6712 2/14/1999 10932 2/14/1999 3682 2/14/1999 16312 2/14/1999 5636 2/14/1999 22854
2/15/1999 6542 2/15/1999 10025 2/15/1999 3738 2/15/1999 15718 2/15/1999 5551 2/15/1999 23024
2/16/1999 6570 2/16/1999 9742 2/16/1999 3738 2/16/1999 15236 2/16/1999 5211 2/16/1999 21835
2/17/1999 6599 2/17/1999 9884 2/17/1999 3597 2/17/1999 15519 2/17/1999 5551 2/17/1999 22486
2/18/1999 6514 2/18/1999 9770 2/18/1999 3540 2/18/1999 15264 2/18/1999 5494 2/18/1999 22344
2/19/1999 6570 2/19/1999 9799 2/19/1999 3568 2/19/1999 15236 2/19/1999 5437 2/19/1999 21976
2/20/1999 6400 2/20/1999 9629 2/20/1999 3597 2/20/1999 15123 2/20/1999 5409 2/20/1999 21948
2/21/1999 6457 2/21/1999 9742 2/21/1999 3568 2/21/1999 15095 2/21/1999 5268 2/21/1999 21523
2/22/1999 6457 2/22/1999 9685 2/22/1999 3512 2/22/1999 15010 2/22/1999 5437 2/22/1999 21580
2/23/1999 6627 2/23/1999 9855 2/23/1999 3512 2/23/1999 15321 2/23/1999 5664 2/23/1999 22599
2/24/1999 6882 2/24/1999 10365 2/24/1999 3682 2/24/1999 16001 2/24/1999 5721 2/24/1999 22968
2/25/1999 7561 2/25/1999 12008 2/25/1999 3852 2/25/1999 19654 2/25/1999 6004 2/25/1999 26876
2/26/1999 7590 2/26/1999 11611 2/26/1999 3795 2/26/1999 19116 2/26/1999 6004 2/26/1999 28603
2/27/1999 6967 2/27/1999 10648 2/27/1999 3682 2/27/1999 17162 2/27/1999 5551 2/27/1999 26338
VO
LA
Clark Fork at Clark Fork at Flint Creek near Clark Fork near Rock Creek near Clark Fork at
Deer Lodge (CF-4) Gold Creek (CF-6) Drummond (FC) Drummond (CF-9) Clinton (RC) Turah (CF-11)
Date Us Date Us Date Us Date Us Date U s Date U s
2/28/1999 7505 2/28/1999 13424 2/28/1999 4531 2/28/1999 18861 2/28/1999 6060 2/28/1999 25800
3/1/1999 7930 3/1/1999 15095 3/1/1999 5381 3/1/1999 30019 3/1/1999 8156 3/1/1999 40498
3/2/1999 6825 3/2/1999 12659 3/2/1999 4106 3/2/1999 22090 3/2/1999 7392 3/2/1999 36250
3/3/1999 6429 3/3/1999 11611 3/3/1999 3823 3/3/1999 18861 3/3/1999 6995 3/3/1999 31718
3/4/1999 5834 3/4/1999 10478 3/4/1999 3540 3/4/1999 17247 3/4/1999 6485 3/4/1999 28886
3/5/1999 5834 3/5/1999 9742 3/5/1999 3625 3/5/1999 16227 3/5/1999 5664 3/5/1999 25969
3/6/1999 6117 3/6/1999 9685 3/6/1999 3682 3/6/1999 15406 3/6/1999 5522 3/6/1999 25035
3/7/1999 6032 3/7/1999 9827 3/7/1999 3682 3/7/1999 15548 3/7/1999 5437 3/7/1999 23845
3/8/1999 5947 3/8/1999 9827 3/8/1999 3625 3/8/1999 15859 3/8/1999 5891 3/8/1999 24780
3/9/1999 6145 3/9/1999 10110 3/9/1999 3512 3/9/1999 15944 3/9/1999 6117 3/9/1999 24922
3/10/1999 6259 3/10/1999 10054 3/10/1999 3512 3/10/1999 15916 3/10/1999 6259 3/10/1999 25148
3/11/1999 6344 3/11/1999 10195 3/11/1999 3398 3/11/1999 15916 3/11/1999 6032 3/11/1999 25063
3/12/1999 6259 3/12/1999 10110 3/12/1999 3398 .3/12/1999 15831 3/12/1999 5749 3/12/1999 24582
3/13/1999 6400 3/13/1999 10563 3/13/1999 3682 3/13/1999 15944 3/13/1999 5891 3/13/1999 24610
3/14/1999 6768 3/14/1999 12829 3/14/1999 4248 3/14/1999 17728 3/14/1999 6542 3/14/1999 27102
3/15/1999 6995 3/15/1999 15264 3/15/1999 4644 3/15/1999 21552 3/15/1999 7420 3/15/1999 32002
3/16/1999 7080 3/16/1999 15434 3/16/1999 4814 3/16/1999 24695 3/16/1999 8836 3/16/1999 37666
3/17/1999 6684 3/17/1999 12631 3/17/1999 4078 3/17/1999 19767 3/17/1999 8015 3/17/1999 35117
3/18/1999 6627 3/18/1999 12801 3/18/1999 4191 3/18/1999 18606 3/18/1999 7618 3/18/1999 32002
3/19/1999 6910 3/19/1999 14641 3/19/1999 4390 3/19/1999 20589 3/19/1999 8638 3/19/1999 33701
3/20/1999 7023 3/20/1999 17388 3/20/1999 4673 3/20/1999 23845 3/20/1999 10337 3/20/1999 38798
3/21/1999 7080 3/21/1999 20702 3/21/1999 5239 3/21/1999 27612 3/21/1999 12376 3/21/1999 44179
3/22/1999 7675 3/22/1999 22146 3/22/1999 5381 3/22/1999 31152 3/22/1999 14245 3/22/1999 50126
3/23/1999 8100 3/23/1999 19456 3/23/1999 5098 3/23/1999 28207 3/23/1999 14755 3/23/1999 50693
3/24/1999 8213 3/24/1999 18720 3/24/1999 4814 3/24/1999 26706 3/24/1999 14415 3/24/1999 48710
3/25/1999 8638 3/25/1999 19881 3/25/1999 4956 3/25/1999 27697 3/25/1999 15491 3/25/1999 49843
3/26/1999 8638 3/26/1999 20560 3/26/1999 5381 3/26/1999 29453 3/26/1999 18096 3/26/1999 53242
3/27/1999 8439 3/27/1999 17304 3/27/1999 4956 3/27/1999 26847 3/27/1999 16850 3/27/1999 52675
3/28/1999 7930 3/28/1999 15406 3/28/1999 4531 3/28/1999 23732 3/28/1999 14245 3/28/1999 47011
3/29/1999 7958 3/29/1999 15123 3/29/1999 4446 3/29/1999 22883 3/29/1999 12942 3/29/1999 43613
3/30/1999 7760 3/30/1999 14811 3/30/1999 4531 3/30/1999 22458 3/30/1999 12602 3/30/1999 42480
\o
O n
Clark Fork a t Clark Fork a t Flint Creek near Clark Fork n ea r Rock Creek near Clark Fork a t
D eer L odge  (CF-4) G old C reek (CF-6) D rum m ond (FC) D rum m ond (CF-9) Clinton (RC) T urah (CF-11)
Date L/s Date Us Date U s Date U s Date U s Date U s
3/31/1999 7675 3/31/1999 14358 3/31/1999 4446 3/31/1999 22005 3/31/1999 11413 3/31/1999 40498
4/1/1999 7052 4/1/1999 13537 4/1/1999 4333 4/1/1999 21013 4/1/1999 10563 4/1/1999 38515
4/2/1999 6740 4/2/1999 12716 4/2/1999 4248 4/2/1999 19739 4/2/1999 9884 4/2/1999 36533
4/3/1999 6967 4/3/1999 13027 4/3/1999 4333 4/3/1999 19796 4/3/1999 9799 4/3/1999 35400
4/4/1999 6882 4/4/1999 12914 4/4/1999 4248 4/4/1999 19569 4/4/1999 9572 4/4/1999 35117
4/5/1999 6740 4/5/1999 12461 4/5/1999 4191 4/5/1999 19173 4/5/1999 9119 4/5/1999 34267
4/6/1999 6570 4/6/1999 12206 4/6/1999 4163 4/6/1999 18720 4/6/1999 8751 4/6/1999 33134
4/7/1999 6400 4/7/1999 12093 4/7/1999 4135 4/7/1999 18380 4/7/1999 8638 4/7/1999 32285
4/8/1999 6400 4/8/1999 12404 4/8/1999 4305 4/8/1999 18408 4/8/1999 8977 4/8/1999 32285
4/9/1999 6315 4/9/1999 12744 4/9/1999 4305 4/9/1999 18635 4/9/1999 9204 4/9/1999 32851
4/10/1999 6202 4/10/1999 12206 4/10/1999 4135 4/10/1999 18578 4/10/1999 8836 4/10/1999 33134
4/11/1999 6174 4/11/1999 11979 4/11/1999 4135 4/11/1999 18210 4/11/1999 8553 4/11/1999 33418
4/12/1999 6145 4/12/1999 12093 4/12/1999 4135 4/12/1999 18351 4/12/1999 8864 4/12/1999 33701
4/13/1999 6060 4/13/1999 12432 4/13/1999 4248 4/13/1999 18578 4/13/1999 9770 4/13/1999 33984
4/14/1999 5947 4/14/1999 12517 4/14/1999 4248 4/14/1999 18946 4/14/1999 10422 4/14/1999 34267
4/15/1999 6004 4/15/1999 12093 4/15/1999 4191 4/15/1999 19173 4/15/1999 10337 4/15/1999 34834
4/16/1999 6004 4/16/1999 11923 4/16/1999 4248 4/16/1999 18946 4/16/1999 10393 4/16/1999 34834
4/17/1999 6060 4/17/1999 12064 4/17/1999 4390 4/17/1999 19059 4/17/1999 11186 4/17/1999 35400
4/18/1999 6089 4/18/1999 12659 4/18/1999 4673 4/18/1999 19456 4/18/1999 13027 4/18/1999 37949
4/19/1999 6202 4/19/1999 13792 4/19/1999 6230 4/19/1999 20674 4/19/1999 16596 4/19/1999 43046
4/20/1999 6230 4/20/1999 15349 4/20/1999 7222 4/20/1999 22939 4/20/1999 21353 4/20/1999 50693
4/21/1999 6938 4/21/1999 16171 4/21/1999 7363 4/21/1999 24837 4/21/1999 21552 4/21/1999 54658
4/22/1999 6967 4/22/1999 15661 4/22/1999 7080 4/22/1999 24978 4/22/1999 17842 4/22/1999 53242
4/23/1999 6910 4/23/1999 15038 4/23/1999 6797 4/23/1999 24242 4/23/1999 15548 4/23/1999 50410
4/24/1999 6797 4/24/1999 14585 4/24/1999 6514 4/24/1999 23109 4/24/1999 14896 4/24/1999 48710
4/25/1999 6712 4/25/1999 14585 4/25/1999 6230 4/25/1999 22401 4/25/1999 16057 4/25/1999 48710
4/26/1999 6712 4/26/1999 14811 4/26/1999 6372 4/26/1999 22231 4/26/1999 21353 4/26/1999 51542
4/27/1999 7052 4/27/1999 15180 4/27/1999 6514 4/27/1999 23024 4/27/1999 25375 4/27/1999 55507
4/28/1999 7873 4/28/1999 16624 4/28/1999 6797 4/28/1999 25460 4/28/1999 27584 4/28/1999 58622
4/29/1999 7958 4/29/1999 17049 4/29/1999 6230 4/29/1999 25828 4/29/1999 25290 4/29/1999 57773
4/30/1999 7816 4/30/1999 16511 4/30/1999 6089 4/30/1999 24525 4/30/1999 22911 4/30/1999 55224
Clark Fork a t Clark Fork at Flint Creek n ear Clark Fork near Rock Creek near Clark Fork a t
D eer L odge (CF-4) G old C reek (CF-6) D rum m ond (FC) D rum m ond (CF-9) Clinton (RC) Turah (CF-11)
D ate L/s Date U s Date U s Date U s Date U s Date U s
5/1/1999 7731 5/1/1999 16794 5/1/1999 5862 5/1/1999 23902 5/1/1999 22543 5/1/1999 53525
5/2/1999 7930 5/2/1999 17077 5/2/1999 5976 5/2/1999 24582 5/2/1999 24072 5/2/1999 54941
5/3/1999 8269 5/3/1999 17417 5/3/1999 6032 5/3/1999 25120 5/3/1999 25120 5/3/1999 56357
5/4/1999 8581 5/4/1999 17842 5/4/1999 5862 5/4/1999 25488 5/4/1999 24497 5/4/1999 56357
5/5/1999 8184 5/5/1999 17219 5/5/1999 5154 5/5/1999 24157 5/5/1999 22741 5/5/1999 54374
5/6/1999 7760 5/6/1999 16624 5/6/1999 4701 5/6/1999 22939 5/6/1999 21438 5/6/1999 51826
5/7/1999 7533 5/7/1999 16227 5/7/1999 4843 5/7/1999 22288 5/7/1999 21693 5/7/1999 50976
5/8/1999 7307 5/8/1999 16199 5/8/1999 4616 5/8/1999 21891 5/8/1999 22373 5/8/1999 51542
5/9/1999 7760 5/9/1999 16709 5/9/1999 4616 5/9/1999 22288 5/9/1999 22486 5/9/1999 51826
5/10/1999 8128 5/10/1999 17672 5/10/1999 4786 5/10/1999 23789 5/10/1999 22090 5/10/1999 52109
5/11/1999 7930 5/11/1999 17672 5/11/1999 4446 5/11/1999 23845 5/11/1999 21013 5/11/1999 51542
5/12/1999 7505 5/12/1999 17813 5/12/1999 4673 5/12/1999 23930 5/12/1999 20475 5/12/1999 50693
5/13/1999 7307 5/13/1999 16992 5/13/1999 4390 - 5/13/1999 23052 5/13/1999 20560 5/13/1999 50126
5/14/1999 6938 5/14/1999 15972 5/14/1999 3597 5/14/1999 21268 5/14/1999 19966 5/14/1999 48427
5/15/1999 6825 5/15/1999 14811 5/15/1999 2775 5/15/1999 18889 5/15/1999 19314 5/15/1999 45595
5/16/1999 6938 5/16/1999 15548 5/16/1999 2690 5/16/1999 18974 5/16/1999 19314 5/16/1999 44179
5/17/1999 6740 5/17/1999 15491 5/17/1999 2549 5/17/1999 19003 5/17/1999 19173 5/17/1999 44462
5/18/1999 6514 5/18/1999 15661 5/18/1999 2436 5/18/1999 18861 5/18/1999 20022 5/18/1999 45029
5/19/1999 7165 5/19/1999 17247 5/19/1999 2520 5/19/1999 19428 5/19/1999 24978 5/19/1999 50410
5/20/1999 7420 5/20/1999 18295 5/20/1999 2379 5/20/1999 19626 5/20/1999 30302 5/20/1999 56074
5/21/1999 7873 5/21/1999 19597 5/21/1999 2492 5/21/1999 20419 5/21/1999 34834 5/21/1999 60038
5/22/1999 9176 5/22/1999 21410 5/22/1999 3002 5/22/1999 21750 5/22/1999 42763 5/22/1999 67402
5/23/1999 10280 5/23/1999 24072 5/23/1999 3285 5/23/1999 25148 5/23/1999 48427 5/23/1999 73915
5/24/1999 9431 5/24/1999 26366 5/24/1999 4531 5/24/1999 28207 5/24/1999 58339 5/24/1999 82128
5/25/1999 9969 5/25/1999 27612 5/25/1999 6400 5/25/1999 31718 5/25/1999 73915 5/25/1999 97138
5/26/1999 11555 5/26/1999 30586 5/26/1999 7392 5/26/1999 35400 5/26/1999 84677 5/26/1999 116962
5/27/1999 13679 5/27/1999 33134 5/27/1999 7023 5/27/1999 37949 5/27/1999 81278 5/27/1999 128573
5/28/1999 13820 5/28/1999 33418 5/28/1999 7052 5/28/1999 38232 5/28/1999 76464 5/28/1999 125741
5/29/1999 15491 5/29/1999 37099 5/29/1999 8383 5/29/1999 41914 5/29/1999 80429 5/29/1999 130555
5/30/1999 20759 5/30/1999 49560 5/30/1999 10195 5/30/1999 55790 5/30/1999 89491 5/30/1999 152645
5/31/1999 19541 5/31/1999 47861 5/31/1999 8100 5/31/1999 58339 5/31/1999 78163 5/31/1999 146131
OO
Clark Fork at Clark Fork at Flint Creek near Clark Fork near Rock Creek near Clark Fork at
Deer Lodge (CF-4) Gold Creek (CF-6) Drummond (FC) Drummond (CF-9) Clinton (RC) Turah (CF-11)
Date U s Date U s Date U s Date U s Date U s Date U s
6/1/1999 17162 6/1/1999 44462 6/1/1999 7278 6/1/1999 53525 6/1/1999 70800 6/1/1999 129422
6/2/1999 17558 6/2/1999 45029 6/2/1999 7958 6/2/1999 54941 6/2/1999 73915 6/2/1999 131122
6/3/1999 19286 6/3/1999 54091 6/3/1999 10337 6/3/1999 63154 6/3/1999 84960 6/3/1999 143016
6/4/1999 22543 6/4/1999 64570 6/4/1999 13424 6/4/1999 80429 6/4/1999 103934 6/4/1999 179549
6/5/1999 21891 6/5/1999 60038 6/5/1999 12008 6/5/1999 80146 6/5/1999 96854 6/5/1999 182381
6/6/1999 19909 6/6/1999 53808 6/6/1999 10422 6/6/1999 72499 6/6/1999 86376 6/6/1999 167938
6/7/1999 18550 6/7/1999 49277 6/7/1999 9261 6/7/1999 66269 6/7/1999 77597 6/7/1999 150379
6/8/1999 17388 6/8/1999 44746 6/8/1999 8808 6/8/1999 61171 6/8/1999 69384 6/8/1999 136219
6/9/1999 16567 6/9/1999 42763 6/9/1999 8892 6/9/1999 60322 6/9/1999 62021 6/9/1999 127723
6/10/1999 13905 6/10/1999 37382 6/10/1999 7788 6/10/1999 53242 6/10/1999 52958 6/10/1999 113846
6/11/1999 12149 6/11/1999 31435 6/11/1999 6457 6/11/1999 44462 6/11/1999 47861 6/11/1999 99970
6/12/1999 11045 6/12/1999 27669 6/12/1999 5636 6/12/1999 38515 6/12/1999 45312 6/12/1999 90907
6/13/1999 10648 6/13/1999 25431 6/13/1999 5183 .6/13/1999 35117 6/13/1999 45878 6/13/1999 86942
6/14/1999 11045 6/14/1999 25828 6/14/1999 5834 6/14/1999 35117 6/14/1999 49560 6/14/1999 90058
6/15/1999 12574 6/15/1999 27074 6/15/1999 6117 6/15/1999 36250 6/15/1999 56357 6/15/1999 96854
6/16/1999 14868 6/16/1999 29736 6/16/1999 6457 6/16/1999 38515 6/16/1999 62870 6/16/1999 106200
6/17/1999 18153 6/17/1999 32851 6/17/1999 7930 6/17/1999 44462 6/17/1999 71083 6/17/1999 120077
6/18/1999 19739 6/18/1999 34267 6/18/1999 7392 6/18/1999 46162 6/18/1999 67968 6/18/1999 120643
6/19/1999 20900 6/19/1999 34550 6/19/1999 6768 6/19/1999 45312 6/19/1999 65986 6/19/1999 118094
6/20/1999 20532 6/20/1999 33984 6/20/1999 6287 6/20/1999 44179 6/20/1999 61454 6/20/1999 113846
6/21/1999 18380 6/21/1999 31435 6/21/1999 5579 6/21/1999 41630 6/21/1999 56640 6/21/1999 105917
6/22/1999 18691 6/22/1999 30302 6/22/1999 5381 6/22/1999 39931 6/22/1999 52958 6/22/1999 99686
6/23/1999 17502 6/23/1999 29170 6/23/1999 4899 6/23/1999 39365 6/23/1999 48710 6/23/1999 96005
6/24/1999 15293 6/24/1999 24922 6/24/1999 3880 6/24/1999 34550 6/24/1999 43896 6/24/1999 86942
6/25/1999 14387 6/25/1999 22996 6/25/1999 4135 6/25/1999 32568 6/25/1999 44462 6/25/1999 83827
6/26/1999 13933 6/26/1999 22514 6/26/1999 3852 6/26/1999 31435 6/26/1999 43046 6/26/1999 81278
6/27/1999 12376 6/27/1999 20645 6/27/1999 3342 6/27/1999 29453 6/27/1999 38232 6/27/1999 74482
6/28/1999 11215 6/28/1999 18776 6/28/1999 2832 6/28/1999 26706 6/28/1999 35117 6/28/1999 68818
6/29/1999 10195 6/29/1999 17502 6/29/1999 2209 6/29/1999 24185 6/29/1999 32851 6/29/1999 62587
6/30/1999 9799 6/30/1999 17842 6/30/1999 2549 6/30/1999 24044 6/30/1999 32568 6/30/1999 59755
7/1/1999 9940 7/1/1999 18436 7/1/1999 2917 7/1/1999 24837 7/1/1999 33134 7/1/1999 60322
Clark Fork a t Clark Fork a t Flint C reek near Clark Fork near Rock C reek near Clark Fork a t
D eer L odge (CF-4) G old C reek (CF-6) D rum m ond (FC) D rum m ond (CF-9) Clinton (RC) Turah (CF-11)
Date U s Date U s Date U s Date U s Date U s Date U s
7/2/1999 9261 7/2/1999 18238 7/2/1999 3228 7/2/1999 25743 7/2/1999 31435 7/2/1999 59472
7/3/1999 8694 7/3/1999 17502 7/3/1999 3342 7/3/1999 24893 7/3/1999 29170 7/3/1999 57206
7/4/1999 8156 7/4/1999 16511 7/4/1999 3313 7/4/1999 23307 7/4/1999 27725 7/4/1999 55224
7/5/1999 7760 7/5/1999 16142 7/5/1999 3172 7/5/1999 22316 7/5/1999 26139 7/5/1999 53242
7/6/1999 6995 7/6/1999 15095 7/6/1999 2662 7/6/1999 20844 7/6/1999 24355 7/6/1999 50693
7/7/1999 6457 7/7/1999 13565 7/7/1999 2322 7/7/1999 19003 7/7/1999 23194 7/7/1999 48427
7/8/1999 6145 7/8/1999 12517 7/8/1999 1869 7/8/1999 17162 7/8/1999 22486 7/8/1999 45878
7/9/1999 5862 7/9/1999 11640 7/9/1999 1671 7/9/1999 16171 7/9/1999 21580 7/9/1999 43896
7/10/1999 5437 7/10/1999 10478 7/10/1999 1586 7/10/1999 15406 7/10/1999 20872 7/10/1999 41914
7/11/1999 5126 7/11/1999 9912 7/11/1999 1529 7/11/1999 14670 7/11/1999 19937 7/11/1999 39931
7/12/1999 4899 7/12/1999 9147 7/12/1999 1218 7/12/1999 13565 7/12/1999 19088 7/12/1999 37949
7/13/1999 4418 7/13/1999 8609 7/13/1999 1161 7/13/1999 13197 7/13/1999 18493 7/13/1999 36250
7/14/1999 4050 7/14/1999 8015 7/14/1999 1076 .7/14/1999 12631 7/14/1999 18040 7/14/1999 34834
7/15/1999 3512 7/15/1999 7448 7/15/1999 991 7/15/1999 12008 7/15/1999 17615 7/15/1999 33701
7/16/1999 3427 7/16/1999 7505 7/16/1999 1020 7/16/1999 12093 7/16/1999 17105 7/16/1999 32568
7/17/1999 3427 7/17/1999 7476 7/17/1999 991 7/17/1999 12206 7/17/1999 16624 7/17/1999 32002
7/18/1999 3427 7/18/1999 7590 7/18/1999 1104 7/18/1999 12432 7/18/1999 16596 7/18/1999 31718
7/19/1999 3115 7/19/1999 7193 7/19/1999 1189 7/19/1999 12348 7/19/1999 15972 7/19/1999 31152
7/20/1999 2917 7/20/1999 6570 7/20/1999 1218 7/20/1999 11951 7/20/1999 15378 7/20/1999 30302
7/21/1999 2945 7/21/1999 7165 7/21/1999 1218 7/21/1999 12178 7/21/1999 15349 7/21/1999 30019
7/22/1999 2690 7/22/1999 7165 7/22/1999 1133 7/22/1999 11526 7/22/1999 15151 7/22/1999 29736
7/23/1999 2492 7/23/1999 6655 7/23/1999 1020 7/23/1999 10875 7/23/1999 14585 7/23/1999 28603
7/24/1999 2209 7/24/1999 6344 7/24/1999 1076 7/24/1999 10478 7/24/1999 14132 7/24/1999 27272
7/25/1999 2209 7/25/1999 6259 7/25/1999 1048 7/25/1999 10110 7/25/1999 13877 7/25/1999 26762
7/26/1999 2096 7/26/1999 6060 7/26/1999 850 7/26/1999 9346 7/26/1999 13395 7/26/1999 25573
7/27/1999 1897 7/27/1999 5891 7/27/1999 765 7/27/1999 9062 7/27/1999 12886 7/27/1999 24327
7/28/1999 1784 7/28/1999 5437 7/28/1999 708 7/28/1999 8638 7/28/1999 12263 7/28/1999 23024
7/29/1999 1784 7/29/1999 4956 7/29/1999 1161 7/29/1999 8298 7/29/1999 11838 7/29/1999 21693
7/30/1999 1784 7/30/1999 5098 7/30/1999 453 7/30/1999 7448 7/30/1999 11356 7/30/1999 20617
7/31/1999 1671 7/31/1999 5013 7/31/1999 212 7/31/1999 6684 7/31/1999 10847 7/31/1999 19088
8/1/1999 1473 8/1/1999 4644 8/1/1999 246 8/1/1999 6570 8/1/1999 10365 8/1/1999 17983
oo
Clark Fork a t Clark Fork at Flint Creek near Clark Fork near Rock Creek near Clark Fork a t
D eer L odge (CF-4) G old Creek (CF-6) D rum m ond (FC) D rum m ond (CF-9) Clinton (RC) Turah (CF-11)
D ate L/s Date Us Date U s Date U s Date U s Date U s
8/2/1999 1614 8/2/1999 4758 8/2/1999 246 8/2/1999 6570 8/2/1999 10167 8/2/1999 17445
8/3/1999 1756 8/3/1999 4701 8/3/1999 312 8/3/1999 6712 8/3/1999 10139 8/3/1999 18068
8/4/1999 1926 8/4/1999 5069 8/4/1999 453 8/4/1999 6599 8/4/1999 10450 8/4/1999 18521
8/5/1999 2747 8/5/1999 5777 8/5/1999 793 8/5/1999 7788 8/5/1999 10847 8/5/1999 19343
8/6/1999 2294 8/6/1999 5607 8/6/1999 793 8/6/1999 8439 8/6/1999 10790 8/6/1999 20645
8/7/1999 2322 8/7/1999 5352 8/7/1999 906 8/7/1999 8354 8/7/1999 10790 8/7/1999 20787
8/8/1999 2209 8/8/1999 4956 8/8/1999 793 8/8/1999 7816 8/8/1999 10224 8/8/1999 20220
8/9/1999 2096 8/9/1999 4814 8/9/1999 821 8/9/1999 7618 8/9/1999 9544 8/9/1999 18521
8/10/1999 2124 8/10/1999 4843 8/10/1999 906 8/10/1999 7901 8/10/1999 9374 8/10/1999 18210
8/11/1999 2266 8/11/1999 5013 8/11/1999 963 8/11/1999 7986 8/11/1999 9346 8/11/1999 18068
8/12/1999 3200 8/12/1999 6004 8/12/1999 1586 8/12/1999 9289 8/12/1999 10167 8/12/1999 19597
8/13/1999 3568 8/13/1999 7052 8/13/1999 1954 8/13/1999 11186 8/13/1999 10365 8/13/1999 22401
8/14/1999 3285 8/14/1999 6853 8/14/1999 1869 .8/14/1999 11781 8/14/1999 9940 8/14/1999 23591
8/15/1999 3144 8/15/1999 6655 8/15/1999 2011 8/15/1999 11979 8/15/1999 9799 8/15/1999 23619
8/16/1999 3115 8/16/1999 6287 8/16/1999 2011 8/16/1999 11951 8/16/1999 9402 8/16/1999 23449
8/17/1999 3030 8/17/1999 6117 8/17/1999 1841 8/17/1999 11385 8/17/1999 8977 8/17/1999 22231
8/18/1999 2860 8/18/1999 6060 8/18/1999 1756 8/18/1999 11016 8/18/1999 8638 8/18/1999 21297
8/19/1999 2719 8/19/1999 5919 8/19/1999 1586 8/19/1999 10620 8/19/1999 8496 8/19/1999 20759
8/20/1999 2577 8/20/1999 5636 8/20/1999 1416 8/20/1999 10139 8/20/1999 8213 8/20/1999 19824
8/21/1999 2577 8/21/1999 5409 8/21/1999 1388 8/21/1999 9912 8/21/1999 7958 8/21/1999 18720
8/22/1999 2804 8/22/1999 5494 8/22/1999 1246 8/22/1999 9487 8/22/1999 7760 8/22/1999 17983
8/23/1999 2719 8/23/1999 5607 8/23/1999 1104 8/23/1999 9487 8/23/1999 7703 8/23/1999 17587
8/24/1999 2747 8/24/1999 5494 8/24/1999 963 8/24/1999 9232 8/24/1999 7618 8/24/1999 17049
8/25/1999 2889 8/25/1999 5607 8/25/1999 1303 8/25/1999 9827 8/25/1999 7901 8/25/1999 17530
8/26/1999 2860 8/26/1999 5409 8/26/1999 1218 8/26/1999 9516 8/26/1999 7760 8/26/1999 17700
8/27/1999 2690 8/27/1999 5183 8/27/1999 1189 8/27/1999 8977 8/27/1999 7561 8/27/1999 16850
8/28/1999 2832 8/28/1999 5268 8/28/1999 1246 8/28/1999 9062 8/28/1999 7816 8/28/1999 17020
8/29/1999 3313 8/29/1999 5692 8/29/1999 1331 8/29/1999 9855 8/29/1999 8071 8/29/1999 17813
8/30/1999 3030 8/30/1999 5834 8/30/1999 1303 8/30/1999 9912 8/30/1999 8128 8/30/1999 18295
8/31/1999 3172 8/31/1999 5891 8/31/1999 1529 8/31/1999 9969 8/31/1999 8326 8/31/1999 18493
9/1/1999 3342 9/1/1999 5976 9/1/1999 1529 9/1/1999 10167 9/1/1999 8326 9/1/1999 18946
Clark Fork at Clark Fork at Flint Creek near Clark Fork near Rock Creek near Clark Fork at
Deer Lodge (CF-4) Gold Creek (CF-6) Drummond (FC) Drummond (CF-9) Clinton (RC) Turah (CF-11)
Date Us Date U s Date U s Date U s Date U s Date U s
9/2/1999 3455 9/2/1999 6032 9/2/1999 1586 9/2/1999 10280 9/2/1999 8184 9/2/1999 18635
9/3/1999 3823 9/3/1999 6400 9/3/1999 1954 9/3/1999 10705 9/3/1999 8269 9/3/1999 19229
9/4/1999 4333 9/4/1999 6825 9/4/1999 2322 9/4/1999 11838 9/4/1999 8468 9/4/1999 20815
9/5/1999 4701 9/5/1999 7108 9/5/1999 2181 9/5/1999 11894 9/5/1999 8184 9/5/1999 21155
9/6/1999 4560 9/6/1999 7080 9/6/1999 2039 9/6/1999 11781 9/6/1999 7930 9/6/1999 20730
9/7/1999 4446 9/7/1999 6910 9/7/1999 1982 9/7/1999 11441 9/7/1999 7703 9/7/1999 20136
9/8/1999 4531 9/8/1999 6853 9/8/1999 1954 9/8/1999 11130 9/8/1999 7448 9/8/1999 19484
9/9/1999 4673 9/9/1999 6938 9/9/1999 1954 9/9/1999 11385 9/9/1999 7222 9/9/1999 19229
9/10/1999 4673 9/10/1999 6910 9/10/1999 1954 9/10/1999 11300 9/10/1999 7108 9/10/1999 19059
9/11/1999 4248 9/11/1999 6910 9/11/1999 1897 9/11/1999 11073 9/11/1999 6967 9/11/1999 18606
9/12/1999 4333 9/12/1999 6768 9/12/1999 1897 9/12/1999 11158 9/12/1999 6910 9/12/1999 18323
9/13/1999 4531 9/13/1999 7052 9/13/1999 1841 9/13/1999 11385 9/13/1999 6825 9/13/1999 18153
9/14/1999 4446 9/14/1999 7165 9/14/1999 1699 9/14/1999 11583 9/14/1999 6797 9/14/1999 18266
9/15/1999 4446 9/15/1999 7363 9/15/1999 1784 9/15/1999 11724 9/15/1999 6712 9/15/1999 18380
9/16/1999 4248 9/16/1999 7363 9/16/1999 1784 9/16/1999 11640 9/16/1999 6627 9/16/1999 18578
9/17/1999 4248 9/17/1999 7278 9/17/1999 1812 9/17/1999 11555 9/17/1999 6514 9/17/1999 18266
9/18/1999 4418 9/18/1999 7307 9/18/1999 1954 9/18/1999 11470 9/18/1999 6457 9/18/1999 17955
9/19/1999 4616 9/19/1999 7505 9/19/1999 2011 9/19/1999 11781 9/19/1999 6485 9/19/1999 18040
9/20/1999 4588 9/20/1999 7476 9/20/1999 2039 9/20/1999 12008 9/20/1999 6485 9/20/1999 18380
9/21/1999 4361 9/21/1999 7193 9/21/1999 1926 9/21/1999 11300 9/21/1999 6457 9/21/1999 18068
9/22/1999 4276 9/22/1999 6910 9/22/1999 1784 9/22/1999 11130 9/22/1999 6372 9/22/1999 17473
9/23/1999 4078 9/23/1999 7052 9/23/1999 1586 9/23/1999 10648 9/23/1999 6315 9/23/1999 16907
9/24/1999 3738 9/24/1999 6627 9/24/1999 1558 9/24/1999 10337 9/24/1999 6344 9/24/1999 16397
9/25/1999 4106 9/25/1999 6287 9/25/1999 1614 9/25/1999 10167 9/25/1999 6400 9/25/1999 16171
9/26/1999 4248 9/26/1999 6627 9/26/1999 1756 9/26/1999 10592 9/26/1999 6655 9/26/1999 16737
9/27/1999 4361 9/27/1999 6712 9/27/1999 1841 9/27/1999 10988 9/27/1999 6825 9/27/1999 17417
9/28/1999 4531 9/28/1999 7165 9/28/1999 1897 9/28/1999 11271 9/28/1999 6910 9/28/1999 17757
9/29/1999 4701 9/29/1999 7307 9/29/1999 2067 9/29/1999 11753 9/29/1999 7023 9/29/1999 18266
9/30/1999 4616 9/30/1999 7222 9/30/1999 2407 9/30/1999 12319 9/30/1999 6938 9/30/1999 19173
Streamflow and Field Data for 1998 Basinwide Sampling
Sample Sample Sample pH cal SW SWT 7 buffer 10 buffer Streamflow
Location Date Time slope pH (deg C) readback readback (Us)
SB 09/04/98 12:30 94.5 9.03 17.4 708
WS 09/04/98 13:00 8.57 14.8 765
CF-1 09/04/98 13:20 9.28 19.5 906
CF-2 09/04/98 14:25 9.32 17.6 7.29 10.04 1388
CF-3 09/05/98 12:10 96.6 8.60 16.0 7.00 10.03 1699
8.64 16 0 6.99 10.02
8.67 16.0 6.99 10.01
Mean 8 64 16.00
Std Dev 0.04 0.00
%RSD 0 4% 0.0%
CF-4 09/05/98 12:40 6.90 16.9 7.02 10.01 3002
6.90 16.7 7.03 10.01
6.91 16.7 7.07 10.00
6.90 16.7
Mean 6.90 16.75
Std Dev 0.01 0.10
%RSD 0.1% 0.6%
CF-5 09/05/98 14:20 8.14 18.8 6.95 9.99 3965
8.18 18.7 6.94 10.02
8.22 18.7 6.95 9.99
8.23 18.8
Mean 8.19 18,75
Std Dev 0.04 0.06
%RSD 0.5% 0.3%
LBF 09/05/98 15:25 94.0 8.46 20.1 6.97 10.00 1076
8.50 20.0 6.96 9.99
8.52 20.0 6.96 9.99
8.54 20.0
Mean 8.51 20.03
Std Dev 0.03 0.05
%RSD 0.4% 0.2%
CF-6 09/05/98 16:40 8.84 20.2 6.95 9.97 5692
8.79 19.9 6.95 9.96
8.81 19.8 6.94 9.97
8.83 19.7
Mean 8.82 19.90
Std Dev 0.02 0.22
%RSD 0.3% 1.1%
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streamflow and Field Data for 1998 Basinwide Sampling (cent.)
Sample
Location
GC
Sample
Date
Sample
Time
pH cal SW SWT 7 buffer 10 buffer Streamflow 
slope pH (deg C) readback readback (L/s)
09/05/98 16:05
Mean 
Std Dev 
%RSD
CF-7 09/06/98 11:45 97.7 8.08 15.7 7.01 10.00
8.10 15.6 7.00 10.01
8.13 15.7 7.00 10.00
8.16 15.7
Mean 8.12 15.68
Std Dev 0.04 0.05
%RSD 0.4% 0.3%
FC 09/06/98 13:10 8.45 15.2 6.97 9.91
8.42 15.4 6.97 9.91
8 44 15.4 6.96 9.91
8.43 15.4
Mean 8.44 15.35
Std Dev 0.01 0.10
%RSD 0.2% 0.7%
CF43 09/06/98 14:40 94.2 8.23 17.5 6.97 9.97
8.24 17.4 6.96 9.96
8.23 17.4 6.95 9.96
8.23 17.4
Mean 8.23 17.43
Std Dev 0.00 0.05
%RSD 0.1% 0.3%
CF-9 09/06/98 16:20 93.5 8.45 20.1 7.00 9.99
8.51 20.1 6.99 9.99
8.47 20.2 6.98 9.99
8.44 20.4
Mean 8.47 20.20
Std Dev 0.03 0.14
%RSD 0.4% 0.7%
CF-10 09/06/98 17:45 8.67 20.8 6.89 9.92
8.64 20.6 6.89 9.91
8.63 20.6 6.90 9.92
8.61 20.6
Mean 8.64 20.65
Std Dev 0.02 0.10
%RSD 0.3% 0.5%
6117
765
6627
8439
10337
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streamflow and Field Data for 1998 Basinwide Sampling (cont)
Sample Sample Sample pH cal SW SWT 7 buffer 10 buffer Streamflow
Location Date Time slope pH (deg C) readback readback (Us)
RC 09/07/98 13:45 94.7 8.53 17.3 7.01 10.00 7108
8.54 17.3 7.00 10.00
8.55 17.4 7.00 10.00
Mean 8.54 17.33
Std Dev 0.01 0.06
%RSD 0.1% 0.3%
CF-11 09/07/98 15:20 8.75 19.4 6.99 9.99 18918
8.81 19.5 6.98 10.00
8.80 19.6 6.98 10.00
Mean 8.79 19.50
Std Dev 0.03 0.10
%RSD 0.4% 0,5%
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Field Data for 1999 temporal sampling events
Sample Sample Sampling pH cal 7 buffer SW S W T D O. Gal D O Cond
Location Date Time slope readback pH (deg C) Slope (mg/L) (mS/cm)
Clark Fork at Deer Lodge (CF-4)
CF-4 01/19/99 10:00 98.5 7.02 7 70 1.5 86.2 13.11 0.47
7.01 7 71 1.2 12.95 0 48
7.01 7.72 1.3 12.78 0.49
7.93
7.93
7.95
Mean 7.82 1.33 12.95 0.48
Standard Dev. 0.12 0.15 0.17 0.01
%RSD 0.02 0.11 0.01 0.02
CF-4 02/18/99 12.00 99.9 7.02 8.14 2.4 86.2 8.92
7.01 8.16 2.4 8.94
7.01 8.17 2.4 8.92
Mean 8.16 2.40 8.93
Standard Dev 0.02 0.00 0.01
% RSD 0.00 0.00 0.00
CF-4 03/09/99 8:30 101.4 6.99 8.01 2.0 86 2 9.97 0.50
6.98 8.02 2.1 9.96 0.40
6.97 8.02 1.9 9.98 0.45
6.97 8.04 2.0 0.46
Mean 8.02 2.00 9.97 0.45
Standard Dev. 0.01 0.08 0.01 0.04
% RSD 0.00 0,04 0.00 0.09
CF-4 03/21/99 9:00 101.4 7.00 7.98 6.3 86.1 15.98 0.49
6.98 8.01 6.3 16,34 0.52
6.97 8.04 6.4 16.05 0.53
6.97 . 8.02 6.4
Mean 8.01 6.35 16.12 0.51
Standard Dev. 0.03 0.06 0.19 0.02
%RSD 0.00 0.01 0.01 0.04
CF-4 04/11/99 10:00 101.8 7.02 7.86 5.0 86.1 27.64 0.43
7.01 7.85 5.0 27.67 0.45
7.00 5.2 27.65 0.44
Mean 7.86 5.07 27.65 0.44
Standard Dev. 0.12 0.02 0.01
% RSD 0.02 0.00 0.02
CF-4 04/25/99 9.5 86.1 26.54 0.40
9.5 26.53 0.39
9.5 26.31 0.42
Mean 9.50 26.46 0.40
Standard Dev. 0.00 0.13 0.02
% RSD 0.00 0.00 0.04
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Field Data for 1999 temporal sampling events (cont.)
Sample Sample Sampling pH cal 7 buffer SW SW T D O Cal D O Cond
Location Date Time slope readback pH (deg C) Slope (mg/L) (mS/cm)
CF-4 05/17/99 10:45 99.3 7.00 8.32 9.8 0.33
6.99 8.34 9.8 0.34
7.00 8.31 9.8 0.31
8.34 98 0.32
Mean 8.33 9.80 0.33
Standard Dev 0.02 0.00 0.01
%RSD 0.00 0.00 0.04
CF-4 05/25/99 8:50 98.4 7.01 8.01 14.3
7.00 8.02 14.4
7.00 8.02 1.4
8.02 14.4
Mean 8.02 11.13
Standard Dev. 0.01 6.48
% RSD 0.00 0.58
CF-4 06/02/99 10:30 96.4 7.00 8.04 11.7 0.23
7.01 8.05 11.7 0.24
7.00 8.02 11.8 0.26
8.04 11.7 0.27
Mean 8.04 11.73 0.25
Standard Dev. 0.01 0.05 0.02
% RSD 0.00 0.00 0.07
CF-4 06/10/99 9:30 98.7 6.95 8 08 8.7 86.1 12.25 0.30
6.95 8.02 8.8 0.30
6.95 8.14 8.8 0.32
Mean 8.08 8.77 0.31
Standard Dev 0.06 0.06 0.01
%RSD 0.01 0.01 0.04
CF-4 06/23/99 9:30 96.4 7.01 8 13 12.5 85.9 8.58 0.18
7.01 8.13 12.5 8.57 0.17
7.01 8.14 12.6 0.20
Mean 8.13 12.53 8.58 0.18
Standard Dev. 0.01 0.06 0.02
% RSD 0.00 0.00 0.08
CF-4 07/15/99 10:00 98.3 7.01 8.55 14.1 86.0 10.85 0.38
7.01 8.56 14.2 10.89 0.36
7.01 8.54 14.2 10.92 0.38
Mean 8.55 14,17 10.89 0.37
Standard Dev. 0.01 0.06 0.04 0.01
%RSD 0.00 0.00 0.00 0.03
CF-4 09/01/99 9:45 103.8 7.01 8.19 11.3 86.1 9.40 0.48
7.00 8.19 11.3 10.60 0.50
8.22 11.3 10.50 0.49
Mean 8.20 11.30 10.17 0.49
Standard Dev. 0.02 0.00 0.67 0.01
%RSD 0.00 0.00 0.07 0.02
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Field Data for 1999 temporal sampling events (cont. )
Sample Sample Sampling pH cal 7 buffer SW SW T D O Cal D O Cond
Location Date Time slope readback pH (deg C) Slope (mg/L) tmS/cm)
Clark Fork at Gold Creek (CF-6)
CF-6 01/19/99 13:00 no recal 6 94 7.73 1.3 no recal 11.24 0 44
6.94 7.75 1.3 11 18 045
6.95 7.74 10 84 047
Mean 7.74 1.3 11.09 0.45
Standard Dev. 0.01 0.22 0.02
%RSD 0.00 0.02 0.03
CF-6 02/18/99 14.30 102.2 7.13 8.64 2.8 86 5 10.20
7.12 8.62 2.8 10.30
7.11 8.64 2.8 10.35
Mean 8.63 2.80 10.28
Standard Dev. 0.01 0.00 008
%RSD 0.00 0.00 0.01
CF-6 03/09/99 11:00 98.3 6.96 7.99 2.6 86.2 9.83 0.47
6.95 8.01 2.6 9,99 0.43
6,95 7.97 2.6 9.86 0.47
6.94 8.02 2.7 0.48
Mean 8.00 2.63 9.89 0.46
Standard Dev. 0.02 0.05 0.09 0.02
% RSD 0.00 0.02 0.01 0 05
CF-6 03/21/99 11:00 98.9 7.02 8.40 5.5 86.0 11.38 0.35
7.02 8.38 5.3 11.50 0.36
7.02 8.39 5.4 11.45 0.36
8.39 5.5 0.33
Mean 8.39 5.43 11.44 0.35
Standard Dev. 0.01 0.10 0.06 0.01
% RSD 0.00 0.02 0.01 0.04
CF-6 04/11/99 12:00 101.7 7.06 8.27 5.9 no recal 7.43 0.36
7.05 8.30 5.9 7.56 0.35
7.05 8.31 5.9 7.48 0.32
8.30 6.0 7.55 0.36
Mean 8.30 5.93 7.51 0.35
Standard Dev. 0.02 0.05 0.06 0.02
%RSD 0.00 0.01 0.01 0.05
CF-6
Mean
Standard Dev. 
% RSD
04/25/99 0.34
0.31
0.30
0.32
0.02
0.07
CF-6 05/17/99 12:30 99.0 7.01 8.56 10.5 0.28
6.99 8.57 10.6 0.29
7.00 8.57 10.5 0.28
Mean 8.57 10.53 0.28
Standard Dev. 0.01 0.06 0.01
% RSD 0.00 0.01 0.02
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Field Data for 1999 temporal sampling events (cont.)
Sample Sample Sampling pH cal 7 buffer SW SWT D.O. Cal D.O. Cond
Location Date Time slope readback pH (deg C) Slope (mg/L) (mS/cm)
CF-6 05/25/99 10.15 no recal 8.20 13.9 0.26
8.18 14.0 0.28
8.20 14.0 0.27
Mean 8.19 13.97 0.27
Standard Dev. 0.01 0.06 001
% RSD 0.00 0.00 0.04
CF-6 06/02/99 11:45 8.14 11.3 0.21
8.10 11.4 0.21
8 12 114 0,19
8.14 11.4 0.23
Mean 8.13 11.38 0.21
Standard Dev. 0.02 0.05 0.02
% RSD 0.00 0.00 0.08
CF-6 06/10/99 10:00 97.0 7.05 8.30 9.1 86.1 12.76 0.19
7.05 8.31 9.2 0.20
7.05 8.30 9.2 0.21
8.30 9.2 0.20
Mean 8.30 9.18 0.20
Standard Dev. 0.01 0.05 0.01
% RSD 0.00 0.01 0.04
CF-6 06/23/99 11:00 94.1 7.03 8.53 13.7 85.9 10.05 0.22
7.03 8.57 136 10.03 0.22
7.03 8.54 13.6 9.90 0.22
Mean 8.55 13.63 9.99 0.22
Standard Dev. 0.02 0.06 0.08 0.00
% RSD 0.00 0.00 0.01 0.00
CF-6 07/15/99 12:00 6.96 8.48 15 7 85.9 10.08 0.40
6.99 8,51 15.8 9.80 0.36
6.97 8.52 15.7 9.62 0.38
8.52 15.7 9.74 0.35
Mean 8.51 15.73 9.81 0.37
Standard Dev. 0.02 0.05 0.19 0.02
% RSD 0.00 0.00 0.02 0.06
CF-6 09/01/99 11:45 100.5 7.00 8.43 13.3 86.0 10.30 0.44
7.02 8.43 13.3 10.10 0.44
7.00 8.44 13.4 9.90 0.44
Mean 8.43 13.33 10.10 0.44
Standard Dev. 0.01 0.06 0.20 0.00
% RSD 0.00 0.00 0.02 0.00
Flint Creek (FC)
FC 01/19/99 15:00 100.7 7.04 8 11 2.3 no recal 13.19 0.16
7.05 8.13 13.24 0.20
7.05 8.12 13.22 0.26
Mean 8.12 13.22 0.21
Standard Dev. 0.01 0.03 0.05
%RSD 0.00 0.00 0.24
FC 02/18/99 16:30 101.8 7.12 8.79 2.4 no recal 10.35
7.13 8.81 2.4 10.33
7.12 8.80 2.4 10.35
Mean 8.80 2.40 10.34
Standard Dev. 0.01 0.00 0.01
% RSD 0.00 0.00 0.00
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Field Data for 1999 temporal sampling events (cont.)
Sample Sample Sampling pH cal 7 buffer SW SW T D.O Cal D O Cond
Location Date Time slope readback pH (deg C) Slope (mg/L) tmS/cm)
FC 03/09/99 13:30 101 5 7 08 8.40 3.6 86.2 9 24 0 29
7.07 8.43 3 7 9 14 0.30
7.08 839 3 7 9.18 0 32
8.42 3.6 9.28 0.31
Mean 8.41 3.65 9.21 0.31
Standard Dev. 0.02 0.06 0.06 0.01
% RSD 0.00 0.02 0,01 0.04
FC 03/21/99 12:45 99.4 7,08 8.57 8.0 86.0 10.08 0.26
7.05 8.58 8,0 10,01 0.27
7.05 8.54 8,0 10.04 0.28
8.59 8.0 10.12 0.28
Mean 8.57 8.00 10.06 0.27
Standard Dev. 0.02 0.00 0.05 0,01
% RSD 0.00 0.00 0.00 0.04
FC 04/11/99 14:00 99.5 6.98 8.18 7.0 86.1 16.18 0.25
6.97 8.22 7.0 16.32 0.27
6.96 8,20 7.0 16.25 0,26
8.21 7.0 16.22 0.25
Mean 8.20 7.00 16.24 0.26
Standard Dev 0.02 0.00 0.06 0.01
% RSD 0 00 000 0.00 0.04
FC
Mean
Standard Dev. 
% RSD
04/25/99 0.14
0.15
0.16
0.14
0.15
0.01
0.06
FC 05/17/99 14:00 98.8 7.01 9.11 11.7 0,20
7,00 9,12 11.7 0 21
7.00 9.12 11.7 0.20
9.12 11.7 0,21
Mean 9.12 11.70 0.21
Standard Dev. 0.01 0.00 0.01
% RSD 0.00 0.00 0.03
FC 05/25/99 11.20 no recal 8.02 11.3 0.17
8,04 11.4 0.17
8.04 11.4 0.17
Mean 8.03 11.37 0.17
Standard Dev. 0.01 0.06 0.00
% RSD 0.00 0.01 0.00
FC 06/02/99 13:30 98.4 7.04 8.33 10.4 0.17
7.03 8,33 104 0.18
7.04 8.34 10,4 0.16
8.34 10.4 0.17
Mean 8.34 10.40 0.17
Standard Dev. 0.01 0.00 0.01
% RSD 0.00 0,00 0.05
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Field Data for 1999 temporal sampling events (cont.)
Sample
Location
FC
Mean
Standard Dev. 
% RSD
FC
Mean
Standard Dev. 
% RSD
FC
Mean
Standard Dev. 
% RSD
FC
Sample
Date
06/10/99
Sampling
Time
pH cal 
slope
06/23/99 98.7
07/15/99 13:35 98.0
09/01/99 102.0
Mean
Standard Dev.
% RSD
Clark Fork at Bear Mouth (CF-9) 
CF-9 01/21/99 12:00
Mean
Standard Dev. 
%RSD
99.1
CF-9
Mean
Standard Dev. 
%RSD
CF-9
Mean
Standard Dev. 
%RSD
02/19/99 12.00 100.9
03/09/99 3:00 102.8
7 buffer SW SW T D O. Cal DO. Cond
readback pH (deg C) Slope (mg/L) (mS/cm)
6.99 8.47 9.8 13.65 0.21
7 00 8.48 9.8 0.18
7.00 8.47 9.8 0 19
8.48 9.8 0.20
8.48 9.80 0.20
0.01 0.00 0 01
0.00 0.00 0.07
7.03 8.54 14.7 85.9 10 28 0.21
7.02 8.55 14.7 10.23 0.26
7.02 8.55 14.7 10.28 0.24
8.56 14.8 10.15 0.21
8.55 14.73 10.24 0.23
001 0.05 006 0.02
0.00 0.00 001 0.11
7.04 8.62 15.7 86.0 10.19 0.40
7.03 8.63 15.6 10.18 0.41
7.03 8.62 15.7 10.21 0.37
8.64 15.7 10.17 0.42
8.63 15.68 10.19 0.40
0.01 0.05 0.02 0.02
0.00 0.00 0.00 0.05
6.99 8.30 14.2 9.90 0.47
6.99 8.31 14.3 9.90 0.47
7.00 8.31 14.3 10.20 0.47
8.32 14.3 10.10 0.47
8.31 14.28 10.03 0.47
0.01 0.05 0.15 0.00
' 0.00 0 00 0.01 0.00
6.98 8.25 2.3 86.2 11.75 0.38
6.97 8.27 2.2 11.60 0.40
6.96 8.26 2.2 11.57 0.40
8.26 2.23 11.64 0.39
0.01 0.06 0.10 001
0.00 0.03 0.01 0.03
7.04 8.17 3.6 86.2 9.50
7.02 8.16 3.6 9.49
7.03 8.17 3.4 9.52
8.17 3.53 9.50
0.01 0.12 0.02
0 00 0.03 0.00
7.04 8.18 5.4 86.2 11.87
7.04 8.23 5.4 11.92
7.03 8.21 5.4 11.77
7.04 8.20 5.4 11.85
8.21 5.40 11.85
0.02 0.00 0.06
0.00 0.00 0.01
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Field Data for 1999 temporal sampling events (cont.)
Sample Sample Sampling pH cal 7 buffer SW SW T D O Cal D.O Cond
Location Date Time slope readback pH (deg C) Slope (mg/L) (mS/cm)
CF-9 03/21/99 14:30 no recal 7.02 8.16 9.0 86.0 14.33 0 34
7 03 8.17 9 0 14 38 0 35
7 01 8.14 9.1 14.44 0.30
8.17 90 14.39 0 31
Mean 8.16 9.03 14.39 0.33
Standard Dev. 0.01 0.05 0.05 0.02
% RSD 0.00 0.01 0.00 0.07
CF-9 04/11/99 15:30 97.1 6.98 7.83 8.5 86.1 16.27 0.38
6.97 7.85 8.5 16.25 0.42
6.96 7.84 8.5 16.17 0.36
6.97 7.86 8.5 16.26 041
Mean 7.85 8.50 16.24 0.39
Standard Dev. 0.01 0.00 0.05 003
% RSD 0.00 0.00 0.00 0.07
CF-9 04/25/99 034
0.31
0.28
0.31
Mean 0.31
Standard Dev. 0.02
% RSD 0 08
CF-9 05/17/99 15:15 98 4 6.97 8.51 13.0 0.33
6.96 8.52 13.0 0.33
6.99 8.52 13 0 0.29
8.52 13.0 0.35
Mean 8.52 13.00 0.33
Standard Dev. 0.00 0.00 0 03
% RSD 0.00 0.00 0.08
CF-9 05/25/99 12:15 94.4 7.02 8.18 17.1 025
7.01 8.18 17.1 0.28
7.00 8.16 17.2 0.31
Mean 8.17 17.13 0.28
Standard Dev. 0.01 0.06 0.03
%RSD 0.00 0.00 0.11
CF-9 06/02/99 14.45 6.96 8.02 13.1 0.26
6.96 8.04 13.1 0.24
6.97 8.02 13.2 0.25
8.03 13.1 0.24
Mean 8.03 13.13 0.25
Standard Dev. 0.01 0.05 0.01
% RSD 0.00 0.00 0.04
CF-9 06/10/99 6 98 11.2 0.30
6.98 11.3 0.31
11.3 0.27
Mean 11.27 0.29
Standard Dev 0.06 0.02
%RSD 0.01 0.07
CF-9 06/23/99 91.7 6.98 8.60 16.5 85.9 9.55 0.23
6.97 848 16.6 9.17 0.30
6.97 8.48 16.6 9.26 0.28
Mean 8.52 16.57 9.33 0.27
Standard Dev. 0.07 0.06 0.20 0.04
%RSD 0.01 0.00 0.02 0.13
I l l
Sample Sample Sampling pH cal 7 buffer SW SW T D O. Cal DO. Cond
Location Date Time slope readback pH (deg C) Slope (mg/L) (mS/cm)
CF-9 07/15/99 15:10 7.00 8.63 19.4 85.9 9.77 0 49
7.00 8 68 20.5 9.25 0 49
7.01 8.64 19.6 9.46 0.42
Mean 8.65 19.83 9.49 0.47
Standard Dev. 0.03 0.59 0.26 0.04
% RSD 0.00 0.03 0.03 0.09
CF-9 09/01/99 7.00 8.05 16.7 85.9 11 50 053
7 00 7.97 16.7 11.00 0.53
7.97 16.7 11 00 0,53
Mean 8.00 16.70 11.17 0.53
Standard Dev. 0.05 0.00 0.29 000
%RSD 0.01 0,00 0.03 0.00
Rock Creek (RC)
RC 01/21/99 14:00 100.0 7.07 7.75 1.5 86.2 14 76 0.15
7.06 7.74 1.6 14.75 0.13
7.07 7.76 14.73 0.14
Mean 7.75 14.75 0.14
Standard Dev. 0.01 0.02 0.01
% RSD 0.00 0.00 0.07
RC 02/19/99 15.00 100.8 7.08 8,24 2.4 86.2 9.62
7.07 8.27 2.4 9.48
7.07 8.26 2.4 9.54
Mean 8.26 2.40 9.55
Standard Dev. 0.02 0.00 0.07
%RSD 0.00 0.00 0.01
RC 03/10/99 7:45 102.4 6.99 7.59 1.0 86.2 13.64 0.10
6.98 7.60 1.0 13.72 0.13
6.99 7.59 10 13.69 0.12
6.97 761 10 13.71 0.11
Mean 7.60 1.00 13.69 0.12
Standard Dev. 0.01 0.00 0.04 0.01
% RSD 0.00 0.00 0.00 0.11
RC 03/21/99 16:30 99.8 7.02 8.20 7.9 85.9 9.69 0.11
7.00 8.18 7.9 9.77 0.12
7.01 8.23 79 9.64 0 10
Mean 8.20 7.90 9.70 0.11
Standard Dev. 0.03 0.00 0.07 0.01
%RSD 0.00 0.00 0.01 0.09
RC 04/11/99 17:00 97.6 7.01 7.88 8.5 86.0 19.90 0.14
6.99 7.89 8.5 20.27 0.14
6.97 7.91 8.5 20.19 0.13
6.97 7.90 8.5 20.13 0.14
Mean 7.90 8.50 20.12 0.14
Standard Dev. 0.01 0.00 0.16 0.01
%RSD 0.00 0.00 0.01 004
RC
Mean
Standard Dev. 
% RSD
04/26/99 0.07
008
0.06
0.05
0.07
0,01
0.20
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Field Data for 1999 temporal sampling events (cont.)
Sample Sample Sampling pH cal 7 buffer SW SW T D O Cal D O Cond
Location Date Time slope readback pH (deg C) Slope (mg/L) (mS/cm)
RC 05/18/99 9:50 99.9 7 03 806 8 1 007
7 00 8.06 8 1 0.08
7.01 8.06 8.1 0.08
7.00 0.07
Mean 8.06 8.10 0.08
Standard Dev. 0.00 0.00 0.01
% RSD 0.00 0.00 0.08
RC 05/25/99 13:20 6.96 7.88 11.0 0.04
6.95 7.91 003
6.95 0.03
Mean 7.90 0.03
Standard Dev. 0.01
%RSD 0.17
RC 06/02/99 15:45 97.0 6.95 7.74 9.8 0.04
6.94 7.72 9.8 0.03
6.94 7.71 9.8 002
7.72 10.0 0.04
Mean 7.72 9.85 0.03
Standard Dev 0.01 0.10 0.01
% RSD 0.00 0.01 0.29
RC 06/10/99 14:00 9.0 006
8.8 0.06
9.0 0.05
Mean 8.93 0.06
Standard Dev. 0.12 0,01
% RSD 0.01 0.10
RC 06/23/99 94.9 7.02 8.14 12.7 85.8 10.01 0.07
7.02 8.17 12.9 9.88 0.06
7.02 9.79 0.07
Mean 8.16 12.80 9.89 0.07
Standard Dev. 0.11 0.01
% RSD 0.01 0.09
RC 07/15/99 16:55 6.99 8.37 15.6 85.8 9.02 0.11
7.00 8.35 15.5 9.02 0.09
7.00 8.34 15.6 9.05 0.11
Mean 8.35 15.57 9.03 0.10
Standard Dev. 0.02 0.06 0.02 0.01
% RSD 0.00 0.00 0.00 0.11
RC 09/01/99 16:40 101.5 7.00 843 14.4 85.9 9.20 0 14
7.01 8.45 14.4 9.10 0.15
8 46 14.3 9.00 0 14
Mean 8.45 14.37 9.10 0.14
Standard Dev. 0.02 0.06 0.10 0.01
%RSD 0.00 0.00 0.01 0.04
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Field Data for 1999 temporal sampling events (cont.)
Sample Sample Sampling pH cal 7 buffer SW SW T D.O Cal D.O. Cond
Location Date Time slope readback pH (deg C) Slope (mg/L) (mS/cm)
Clark Fork at Turah Bridge (CF-11)
CF-11 01/21/99 16:00 99.7 7.06 7.92 3.3 86.2 13.25 0.37
7.06 7.95 3.3 13.26 0.36
7.06 8.00 3.3 13.25 0.36
Mean 7.96 3.30 13.25 0.36
Standard Dev. 0.04 0.00 0.01 0.01
%RSD 0.01 0.00 0.00 0.02
CF-11 02/19/99 17:30 101.2 7.09 8.45 3.3 86.2
708 8.43 3.3
7.07 8.47 3.3
7.07
Mean 8.45 3.30
Standard Dev. 002 0.00
% RSD 0.00 0,00
CF-11 03/09/99 17:00 102.7 7.10 8.55 5.5 86.2 8.50 0.38
7.11 8.50 5.5 8.70 0.39
7.09 8.53 5.6 8.40 0.38
8.52 5.5 8.50 0.40
Mean 8.53 5.53 8.53 0.39
Standard Dev. 0.02 0.05 0.13 0.01
% RSD 0.00 0.01 0.01 0.02
CF-11 03/22/99 8:30 101.7 7.00 8.41 7.2 86.1 16.04 0.30
6.98 8.42 7.2 16.01 0.30
6.99 8.44 7.1 15.95 0.30
6.98 8.43 7.2 16.03 0.30
Mean 8.43 7.18 16.01 0.30
Standard Dev. 0.01 0.05 0.04 0.00
%RSD 0.00 0.01 0.00 0.00
CF-11 04/11/99 19:00 100.2 7.02 8.55 9.4 86 0 16.60 0.35
7,01 8.54 9.4 16.58 0,34
7.00 8.53 9.4 16.65 0.35
8.55 16.61 0.35
Mean 8.54 9.40 16.61 0.35
Standard Dev. 0.01 000 0.03 0.00
% RSD 0.00 0.00 0.00 0.01
CF-11
Mean
Standard Dev. 
%RSD
04/26/99 0.19
0.16
0.18
0.18
0.02
0.09
CF-11 05/18/99 11:20 100.1 7.01 8.40 10.2 0.20
7.00 8.40 10.2 0.18
6.98 8.39 10.2 0.19
8.39 10.2 0.20
Mean 8.40 10.20 0.19
Standard Dev. 0.01 0.00 0.01
%RSD 0.00 0.00 0.05
CF-11 05/25/99 14:30 6.94 7.98 14.2 0.13
6.94 7.97 14.3 0.12
6.95 7.97 14.3 0.13
Mean 7.97 14.27 0.13
Standard Dev. 0.01 006 0.01
%RSD 0.00 0.00 0.05
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Field Data for 1999 temporal sampling events (cont.)
Sample
Location
Sample
Date
Sampling
Time
pH cal 
slope
7 buffer 
readback
SW
pH
SW T  
(deg C)
D O Cal 
Slope
D O
(mg/L)
Cond
im S /cm )
CF-11 06/02/99 7 98 11.3 0.17
7.97 11.3 0.15
7 98 11.3 0.15
7.96 113 0.14
Mean 7.97 11.30 0.15
Standard Dev. 0.01 000 0.01
% RSD 0.00 0.00 008
CF-11 06/10/99 11.3 0.18
11.2 0.16
11.3 0 17
11.3 0.18
Mean 11.28 0.17
Standard Dev. 0.05 0 01
% RSD 0.00 0.06
CF-11 06/23/99 7.03 8.45 15,6 85.9 9.73 0 19
7.03 8.47 15.7 9.62 0.19
7.03 9.50 0.15
Mean 8.46 15.65 9.62 0.18
Standard Dev 0.12 0.02
% RSD 0.01 0.13
CF-11 07/15/99 18.30 7.00 8.68 17.2 85.6 9.17 0.22
7.00 8.70 17.2 8.88 0.27
7.00 8.69 17.2 9.09 0.26
Mean 8.69 17.20 9.05 0.25
Standard Dev. 0.01 0.00 0.15 0.03
% RSD 0.00 0.00 0.02 0.11
CF-11 09/01/99 101.2 7.00 8.67 15.7 86.0 9.40 0.36
7.00 8.71 15.7 9.20 0.37
8.70 15.7 9.40 0.36
Mean 869 15.70 9.33 0.36
Standard Dev. 0.02 0.00 0.12 0.01
% RSD 0.00 0.00 0.01 0.02
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